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ABSTRACT 
 
Evaluating the Effects of the Blennerhassett Island Bridge 
Crossing (Ohio River) on  
Soil, Vegetation, and Wildlife 
 
Joshua Allen Vance 
 
 Corridor D was one of the original 23 highway corridors selected by the Appalachian 
Highway Development System in 1965 and stretches from Bridgeport, West Virginia to 
Cincinnati, Ohio. The last piece of Corridor D to be completed was the Blennerhassett Island 
Bridge which crosses over the Ohio River and Blennerhassett Island near Parkersburg, West 
Virginia and Belpre, Ohio. The Blennerhassett Island Bridge is a tied-arch style bridge about 
1,220 m in length and 24 m above the ground and water surface. Construction of the bridge 
began in March 2005 and the bridge was opened to the public in June 2008. This study examined 
environmental impacts of the Blennerhassett Island Bridge to comply with mitigation 
requirements for the West Virginia Department of Transportation, Division of Highways in 
accordinance with the Blennerhassett Island Bridge Final Environmental Impact Statement. 
From October 2007 through July 2009, I researched the impacts of the Blennerhassett Island 
Bridge upon vegetation, soil, and the following wildlife groups: waterbirds, songbirds, anurans, 
turtles, small mammals, and furbearers. Comparisons were made to two other islands (Buckley 
Island [bridge crossing present for about 45 years] and Muskingum Island [no bridge crossing]), 
to three distances from the bridge (0 [under], 100, and 300 m), and to pre-construction data 
collected during the 1985-1987 and 1998-2000 time periods.  
 
 Over the course of this study, 170 plant, 19 waterbird, 60 songbird, 7 anuran, 5 turtle, 9 
small mammal, and 4 furbearer species were detected among the three islands. Also, 19 soil 
variables were analyzed. Vegetative communities were different under the bridge compared to 
other sampling distances and pre-construction data. Vegetative communities were composed of 
species from the seed mixture used for reclamation, exotic and invasive species, and disturbance 
tolerant species with low herbaceous cover and minimal woody plants. Thirteen soil variables 
(phosphorus, bray II phosphorus, potassium, sodium, calcium, manganese, soluble sulfur, zinc, 
aluminum, copper, total exchange capacity, organic matter, and estimated nitrogen released) had 
altered levels under the Blennerhassett Island Bridge and/or Buckley Island Bridge. Great blue 
heron (Ardea herodias) abundances were lower at islands with bridges. Songbird abundances 
were lower under the bridge and species composition differed compared to other distances with 
generalist species present under the bridge. Carolina chickadee (Poecile carolinensis), Carolina 
wren (Thryothorus ludovicianus), and common yellowthroat (Geothlypis trichas) abundances 
were lower under the bridge and rock pigeon (Columba livia), cliff swallow (Petrochelidon 
pyrrhonota), and European starling (Sturnus vulgaris) abundances were highest under bridges. 
Overall small mammal abundance, richness, and diversity were lower under the new bridge 
compared to other distances and abundances of Peromyscus spp. were lower under the new 
bridge. Raccoon (Procyon lotor) occurrences were lower under the new bridge compared to 
other sites and distances. Anurans and turtles showed no differences among islands and 
distances. 
  The Blennerhassett Island Bridge was found to have some impacts to vegetation, soil, and 
wildlife. These impacts, however, are minor in scale and are mostly limited to the area directly 
under the bridge and did not impact large portions of Blennerhassett Island or the adjacent 
mainlands. Some of these impacts under the bridge include: altered soil chemistry, altered 
amount and type of vegetation, attraction of exotic and non-native vegetation, lower abundances 
and different composition of songbirds, attraction of urbanized songbird species, lower 
abundance, richness, and diversity of small mammals, and changes and alteration in habitat. I 
recommend that all possible care should be taken during future bridge construction to minimize 
environmental impacts to vegetation, soil, and wildlife and to restore the impacted land back to 
previous conditions. I also suggest that vegetation, soil, songbirds, and small mammals should 
continually be monitored at the Blennerhassett Island site to determine if these impacts found in 
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Construction of man-made objects such as roads and bridges may have temporary or 
permanent effects on wildlife and vegetation. Civilization has become increasingly urban, and all 
forecasts are for the process to continue, along with its impacts on ecosystems (Picket et al. 
2001). Urbanization and the construction of roads and bridges can alter wildlife habitat, and is 
cited as the second most frequent cause of species endangerment, behind agriculture, in the 
United States in 1995 (Czech and Krausman 1997). In the past 25 years, however, more attention 
has been directed toward the effects of bridges and roads upon wildlife and vegetation (e.g., 
Forman et al. 2003). 
Bridges can potentially affect mammals, birds, amphibians, reptiles, invertebrates, plants, 
and the soil either positively, negatively, or have no effect depending on species or location. 
Bridges can have positive effects on wildlife by providing habitat for nesting, roosting, and 
resting as well as providing corridors for movement. Cliff swallows (Petrochelidon pyrrhonota) 
and barn swallows (Hirundo rustica) are species that use bridges for nesting and perching 
(Redmond and Murphy 2007, Tumlison 2009). Additionally, peregrine falcons (Falco 
peregrinus) have been well documented as using bridges and skyscrapers for nesting sites and 
hunting perches (Tordoff and Redig 1988, Cade and Bird 1990, Bell et al. 1996). Other research 
shows that bridges provide roosting and resting habitat for bats (Bennett et al. 2008). Edge 
created by roads and bridges may provide habitat for songbirds and increase their population 
(Clark and Karr 1979). Also, creation of bridges can serve as movement corridors for coyotes 
(Canis latrans) (Sacks et al. 2006). 
There is a lack of published literature on the direct effects of bridges on wildlife. 
However, the presence of a bridge may have direct negative impacts on wildlife similar to those 
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of highway impacts which have been studied in much greater detail. Some of these negative 
impacts include: increased mortality from vehicle collisions (Haxton 2000, Hubbard et al. 2000), 
noise (Breeden et al. 2008), barrier effects (Noss et al. 1996), and attraction of undesirable or 
non-native species (Vankat and Roy 2002). Bridges and highways also can impact the landscape 
causing habitat fragmentation (Trombulak and Frissell 2000), habitat loss (Forman 2000), and 
habitat alteration (Rowland et al. 2000) which in turn could be negative to wildlife. This can lead 
to species declines and disruption of continuous population distributions (Vos and Chardon 
1998), limit movements (Andrews et al. 2005), and cause potential genetic problems 
(Lesbarreres et al. 2006). 
The purpose of this study was to investigate the impacts of the Blennerhassett Island 
Bridge (Corridor D) as it crosses over the Ohio River and Blennerhassett Island near 
Parkersburg, West Virginia, USA upon soil, vegetation, and wildlife. Mammals, birds, 
amphibians, and reptile populations were examined as well as vegetation and soil characteristics 
to determine any potential positive and negative effects of the Blennerhassett Island Bridge. This 
study also may serve to fill a void in published literature on the direct impacts of a bridge upon 
different wildlife classes and habitats. This introduction will introduce the Blennerhassett Island 
Bridge, Blennerhassett Island, Ohio River islands, Ohio River island cover types and wildlife 
assemblages, and the West Virginia Bridge Studies during the 1980s and 1990s.  
Blennerhassett Island Bridge 
Corridor D was one of the original 23 Appalachian corridors selected in 1965 by the 
Appalachian Development Highway System (K. Hall, West Virginia Division of Highways, 
personal communication). Corridor D was designed to connect Interstate 275 near Cincinnati, 
Ohio to Interstate 79 near Bridgeport, West Virginia, and carries the routes of US Rt. 50 and OH 
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Rt. 32 (K. Hall, West Virginia Division of Highways, personal communication). The 
Blennerhassett Island Bridge crossing the Ohio River at Blennerhassett Island was the final piece 
of Corridor D to be completed (W. Kump, West Virginia Division of Highways, personal 
communication) (Figure 1). The bridge crosses the Ohio River near the western end of 
Blennerhassett Island (Figures 2 and 3). The Blennerhassett Island Bridge is the longest single 
span bridge in the state of West Virginia at about 1,220 m in total length, and also the most 
expensive single contract project ever taken by the West Virginia Division of Highways 
(WVDOH) at about $120 million (K. Hall, West Virginia Division of Highways, personal 
communication). The design of the bridge is a tied-arch style. This was chosen from four other 
designs because it was the “most economic and least intrusive on the environment of 
Blennerhassett Island” (K. Hall, West Virginia Division of Highways, personal communication). 
Construction of the bridge began in March 2005 and was opened 13 June 2008 (W. Kump, West 
Virginia Division of Highways, personal communication). Upon completion of the bridge, 
wetland dependent vegetation was planted under the bridge on both the island and on the West 
Virginia and Ohio mainland. The temporary culverts placed within the wetland complex on the 
island were removed allowing the interior slough to return to normal flow. 
Blennerhassett Island 
 Blennerhassett Island is one of about 88 islands on the Ohio River. It is a 206 ha 
hourglass shaped island located in the Ohio River about 1.61 km west of Parkersburg, West 
Virginia, USA between river mileposts 186.1 and 189.9 (Appalachian Corridor D Environmental 
Reevaluation and Final Section 4 Evaluation, unpublished report). The island has been 
uninhabited since about 1968 and has a vegetative cover of bottomland plants and trees normally 
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found along the Ohio River (Appalachian Corridor D Environmental Reevaluation and Final 
Section 4 Evaluation, unpublished report). 
Blennerhassett Island is well known for its history. There is evidence of Native American 
Indian use as early as 12,000 years ago and the island was home to Native American legend 
Nemocolin (Blennerhassett Island State Historical Park 2009). The island was documented by 
George Washington in 1770 during his exploration of the Ohio Valley. Throughout the last 200 
years, the island was frequently visited by many presidents, vice presidents, and famous 
frontiersmen (Blennerhassett Island State Historical Park 2009). However, the island’s most 
noted historical feature is the setting where former Vice President Aaron Burr, in conjunction 
with island owners Harmon and Margaret Blennerhassett, allegedly plotted treason against the 
United States (Gibbens 1914). Other notable events on the island included its use for aviation 
training during the pre-World War II era and a baseball diamond in which many major league 
baseball games were played involving teams such as the Pittsburgh Pirates, Cincinnati Reds, and 
the Brooklyn Dodgers (R. Swick, West Virginia Division of Natural Resources, personal 
communication). 
 Blennerhassett Island is currently owned by E.I DuPont de Nemours & Company 
(DuPont). DuPont leases the island to the state of West Virginia for use as a recreational area and 
a historical interpretations site associated with the Blennerhassett Island Historical State Park. 
The West Virginia Division of Natural Resources (WVDNR) is the lead state agency with 
administrative responsibility over the park (Blennerhassett Island State Historical Park 2009).  
Ohio River Islands 
The Ohio River begins in Pittsburgh, Pennsylvania, at the merging of the Allegheny and 
Monongahela Rivers, and ends in Cairo, Illinois where it empties into the Mississippi River 
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(Sacilotto 2003, Zadnik et al. 2009). Along this 1,582 km track, about 88 islands exist. The 
islands were formed by an accumulation of flood deposits on gravel and rock bars that reached 
the height of the floodplain (United States Fish and Wildlife Service 2000). The initial 
accumulation of sand and gravel, followed by subsequent actions of the river have led to the 
islands being generally tear drop or crescent shaped, with round, shallow heads, and narrow, 
pointed toes (Zadnik et al. 2009). However, due to the lack of glacial transport of soils that 
created the islands, and due to the current navigation system, new islands cannot be formed 
(United States Fish and Wildlife Service 2000, Sacilotto 2003). Many islands have been lost due 
to dredging of the river and increased pool levels caused by the current lock and dam system for 
navigation. Additionally, current islands along the Ohio River have decreased in number and size 
by 43% since 1900 (United States Army Corp. of Engineers 2000). 
 The islands of the Ohio River range in size from less than 1 ha to over 200 ha. Islands 
support a great variety of cover types and wildlife assemblages. Historically, many of the islands 
were used for agriculture and natural gas drilling, and currently 2 islands are fully developed. 
However, many of the islands are now protected by the foundation of the Ohio River Islands 
National Wildlife Refuge which owns all or part of 22 of the islands in the Upper Ohio River. 
Additionally, Blennerhassett Island is protected by the state of West Virginia, who rents the 
island and maintains it as a state historical park. 
Ohio River Island Cover Types 
 Aquatic and terrestrial cover types associated with the Ohio River islands provide some 
of the area’s highest quality riverine, wetland, and bottomland hardwood cover types, and are 
used by a diverse community of birds, mammals, and freshwater mussels (United States Fish and 
Wildlife Service 1989). Nine terrestrial cover types and 10 wetland cover types have been 
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classified for the islands (United States Fish and Wildlife Service 2000). Bottomland hardwood 
forest is the most abundant cover type on the islands (Tolin and Schettig 1983). Bottomland 
hardwood forests are known for high species richness in part because they serve as transitional 
areas between uplands and bodies of water for many wildlife species (Wigley and Lancia 1998). 
These forests serve as bird habitat for breeding, wintering, and migration stop-overs (Kellison et 
al. 1998). Bottomland hardwoods are especially important for passerines (perching birds) as they 
support about 70 species, including about 30 neotropical migrant species (Pashley and Barrow 
1992). Late and early old-fields are the second most common cover type on the islands (Tolin 
and Schettig 1983). Old-field habitats are the transitional areas between bare ground and forest. 
They are usually comprised of vegetation such as forbs, grasses, and small shrubs (Bleich et al. 
2005). This cover type serves as important habitat for animals such as small mammals (Foster 
and Gaines 1991) and early successional bird species (Hunter et al. 2001), and also play a pivotal 
role in succession of a habitat (Kie et al. 1994). The most prominent wetland type on the islands 
is palustrine (Cowardin et al. 1979) which, in association with the Ohio River islands, provide 
habitat for waterbirds, aquatic mammals, turtles, frogs, fishes, and freshwater mussels (Zadnik et 
al. 2009). 
Ohio River Island Wildlife Assemblages 
Blennerhassett Island and the Ohio River Islands National Wildlife Refuge support a 
variety of mammals, birds, amphibians, and reptiles. There are 193 bird, 25 mammalian, and 15 
species of amphibians and reptiles documented on the islands (United States Fish and Wildlife 
Service 2000). Of the 193 bird species, 143 are passerines (Sacilotto 2003). Fifteen species of 
birds listed on the refuge are on the West Virginia Partners in Flight list of 20 species of concern 
(Sacilotto 2003). Other bird groups common to the islands include waterfowl, wading birds, 
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shorebirds, and raptors. Mammalian groups common to the islands include white-tailed deer 
(Odocoileus virginianus), aquatic furbearing mammals, carnivores, and small mammals (United 
States Fish and Wildlife Service 2000). Amphibian and reptile species are constricted to more 
aquatic groups such as frogs and turtles (United States Fish and Wildlife Service 2002). Thirty-
eight mussel species and over 100 species of warm water fishes have been identified around the 
islands in the upper Ohio River. Additionally, 3 federally listed species occur in the area: Indiana 
bat (Myotis sodalis), pink mucket pearly mussel (Lampsilis orbiculata), and fanshell mussel 
(Cyprogenia stegaria), and 2 species: bald eagle (Haliaeetus leucocephalus) and peregrine 
falcon have recently been delisted.  
West Virginia Bridge Studies 
In West Virginia, the WVDOH initiated a research project in 1985 to determine the 
effects of major bridges on wildlife and vegetation communities. The purposes of these studies 
were to: investigate the impacts and severity of bridges on wildlife (barrier effect, loss of habitat, 
attraction of undesirable species), determine any wildlife benefits provided by bridges, and 
provide specific information on island wildlife concerning possible impacts of a proposed 
Corridor D bridge crossing. These studies were conducted at bridges throughout the state 
including: Interstate 77 over Ohio River at Buckley Island, Corridor H US Rt. 33 over Middle 
Fork River, Corridor H US Rt. 33 over Tygart Valley River, Interstate 64 over Greenbrier River, 
and US Rt. 19 over Meadow River. Studies also were conducted at the proposed site of Corridor 
D US Rt. 50 over Ohio River at Blennerhassett Island before construction of the bridge began.  
The initial studies of Corridor D were conducted from 1985-1987 and were titled Phase I. 
These studies were conducted by WVDOH personnel. Follow up studies were conducted from 
1998-2000, and were titled Phase II. Phase II studies were conducted by biologists with West 
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Virginia University and Salem International University. The Phase I and Phase II studies 
sampled mammals, birds, vegetation, and soils in association with existing bridge crossings and 
the proposed crossing (Blennerhassett). Sampling methods conducted were: wildlife 
observations, breeding bird surveys for songbirds, small mammal snap trapping, furbearer scent 
station surveys, and vegetation and soil sampling. Sampling was conducted along 100 m parallel 
line transects located directly under the bridges (0 m) or at the proposed location of the bridge 
(Blennerhassett), and at 100 and 300 m distances. 
Justification 
 In accordance with the Appalachian Corridor D Final Environmental Impact Statement 
(FEIS), a post-construction study would be undertaken to review the effects of the completed 
Corridor D Bridge and appurtenances on island vegetation and wildlife including avian 
populations and bird strikes (Appalachian Corridor D Environmental Reevaluation and Final 
Section 4 Evaluation, unpublished report). This study would need to focus efforts on the impacts 
of the bridge on vegetation and wildlife on both the mainland and the island including the 
wetland complex on the island. 
Aquatic cover types associated with the Ohio River provide some of the area’s highest 
quality riverine, wetland, and bottomland hardwood cover types, and are used by a diverse 
community of birds, mammals, fish, turtles, and freshwater mussels (United States Fish and 
Wildlife Service 1989). Additionally, islands associated with the Ohio River provide essential 
habitat for many species of birds, mammals, amphibians, and reptiles (United States Fish and 
Wildlife Service 2000). It is important to determine the ecological impacts of this large bridge 
crossing upon wildlife and plant communities. Bridge crossings can either impact wildlife 
positively, negatively, or have no impact. It is important to conduct surveys to determine the 
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effects of this bridge by looking at many classes of wildlife and plants, and not focusing on a 
particular species or class. Man-made structures such as bridges can affect: mammals, birds, 
amphibians, reptiles, invertebrates, plants, and the soil. It is also important to note that the 
disturbances made by man-made structures not only impact these classes of organisms, but could 
also impact their ecological interactions such as food webs, food chains, predator and prey 
interactions, niches, and habitat preferences (DeLucas et al. 2004). 
Study Area 
This study was conducted along the Ohio River in Wood and Pleasants County, West 
Virginia, and Washington County, Ohio, USA. Four sites were studied (Blennerhassett Island, 
Buckley Island, Muskingum Island, and Grape Island) (Appendix 1) and surveys were conducted 
on both the islands and the adjacent mainland. Blennerhassett and Buckley both have bridge 
crossings, while Muskingum and Grape do not and one or the other or both were used as control 
sites. Construction of the Blennerhassett Island Bridge began in March 2005 and was completed 
in June 2008. The Buckley Island Bridge is of similar size and design to the bridge crossing 
Blennerhassett Island and was constructed in the mid-1960s. These islands occur between mile 
markers 151.6 and 189.9 with 3 sites (Blennerhassett, Buckley, and Muskingum) located in the 
Belleville Navigational Pool and 1 (Grape) in the Willow Island Navigational Pool (Tolin and 
Schettig 1983).  
Blennerhassett Island is owned by DuPont Corporation and is leased to the state of West 
Virginia as a state historical park. Buckley, Muskingum, and Grape islands are owned by the 
U.S. Fish and Wildlife Service and are part of the Ohio River Islands National Wildlife Refuge 
(United States Fish and Wildlife Service 2000). Precipitation occurs throughout the year, totaling 
about 106 cm/year (IDcide West Virginia Weather 2010). Study areas ranged from 184-198 m in 
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elevation (IDcide West Virginia City Data 2010). The primary cover types for these islands are: 
bottomland hardwood forest, late old-field, and early old-field (Tolin and Schettig 1983). 
Blennerhassett (Appendix 2) and Buckley (Appendix 3) have large portions of both bottomland 
hardwood forest and old-field cover types, while Muskingum (Appendix 4) and Grape 
(Appendix 5) are mostly bottomland hardwood forest (Tolin and Schettig 1983). Additionally, 
Blennerhassett Island and Grape Island contain a palustrine unconsolidated bottom wetland. All 
islands in this study area have been historically used for agriculture and the river channels 
around them may have been historically dredged (Tolin and Schettig 1983). The adjacent 
mainland has been shaped by disturbance from urbanization, agriculture, commercial 
development, and industrial expansion. 
Literature Review 
Ohio River Biology 
Relatively few studies have been conducted on Blennerhassett Island or other Ohio River 
islands. According to Zadnik et al. (2009), the first qualitative data set for the islands of the Ohio 
River in West Virginia was provided by Tolin and Schettig (1983). They sampled passerine 
birds, waterbirds, aquatic furbearing mammals, fish, and freshwater mussels in association with 
the islands of the river. Their study found a high diversity of passerine birds and waterbirds using 
the island for both nesting and resting areas during migration. They also found that aquatic 
furbearing mammals rely heavily on the islands. A high diversity of fish assemblages and 
freshwater mussel concentrations also were found around the heads of many of the islands. Their 
study indicated that the islands of the Ohio River provide habitat to many assemblages of 
wildlife and thus it laid the groundwork for the foundation of the Ohio River Islands National 
Wildlife Refuge which was founded in 1990.  
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Additional waterbirds and shorebirds in the lower Ohio River Valley of West Virginia, 
dependent on islands, were found during the mid 1980s (Slack 1986). Floodplain forests 
associated with the Ohio River islands were found to provide the highest diversity of birds while 
the differences in bird species diversity along the river was attributed to differences observed in 
the habitat (Todt 1989). In the late 1980s, a cumulative checklist for birds of Wood County, 
West Virginia, USA was created which included birds dependent on the Ohio River and its 
islands (Rollefson 1989). About 193 bird species, including both migrants and breeders, have 
been documented on the Ohio River islands (United States Fish and Wildlife Service 2000). 
Occasionally, species not normally found along the Ohio River are sighted in the area. In the mid 
1990s, a Sabine’s gull (Xema sabini) was observed at Buckley Island (Morrison 1995). The 
Sabine’s gull is an inhabitant of the arctic and uses coastlines as migration corridors. This 
sighting was the first in West Virginia and its occurrence was believed to be incidental. Further 
down the river, other bird studies were conducted which sampled bird diversity on 3 islands in 
Lewis County, Kentucky, USA (Gelis 1996). During the 1990s, biologist from the U.S. Fish and 
Wildlife Service conducted baseline biological surveys for information specific to management 
of the Ohio River Islands National Wildlife Refuge (U.S. Fish and Wildlife Service 2000). 
 Quality of habitat for cavity nesting birds on Ohio River islands was better on back 
channel sides than on navigational channel sides with more cavity nesting birds present on back 
channel sides (Sacilotto 2003). However, overall bird abundances tend to be higher on 
navigational channel sides than on back channel sides (Sacilotto 2003). Cavity nesting bird use 
of nest boxes on Ohio River islands was directly linked to visibility of the nest box, with no 
relation to channel side (Sacilotto and Anderson 2005). Waterbird, anuran, turtle, and aquatic 
furbearing mammal abundance and richness were higher on back channel sides compared to 
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navigational channel sides (Zadnik et al. 2009). Habitat characteristics for belted kingfisher 
(Megaceryle alcyon), great blue heron (Ardea herodias), American mink (Mustela vison), 
common muskrat (Ondatra zibethicus), common snapping turtle (Chelydra serpentina), and 
wood duck (Aix sponsa) are more prevalent on back channel sides than on navigational sides 
(Zadnik et al. 2009).  
 Though fish were not investigated in this study, the Ohio River supports a large diversity 
of fishes and there has been many studies investigating fish biology in the Ohio River. A 
possible negative trend in the biological integrity of fish in the area was attributed to a power 
plant located along the Ohio River (Lorentz et al. 2006). Thirty years of fish population data 
along the Ohio River were analyzed and increases in populations of many species was found 
once water quality regulations were in place (Pearson and Pearson 1989). Other studies have 
concluded improvements of fish populations in the Ohio River since the passing of the Clean 
Water Act in 1972 (Cavanaugh and Mitsch 1989, Emery et al. 1998, Thomas et al. 2005). It has 
been suggested that more research on human disturbances on fish in the Ohio River should be 
conducted (Lorentz et al. 2006). 
Bridge Studies and Impacts 
Ecological Studies 
Studies on the impacts of bridges on ecological communities are quite limited. More 
attention has been directed towards the use of bridges by birds and bats for nesting and roosting 
sites. However, there are some published studies of bridges and their impacts. The influence of 
high-flow events on a stream channel altered by a highway bridge was studied in West Virginia 
along Corridor H. High-flow events changed the streambed downstream of construction and 
bank erosion upstream (Hedrick et al. 2009). An investigation in Kansas evaluated the effects of 
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logging and bridge construction on habitat of 2 intermittent streams and found logging and 
bridge construction can have adverse effects on stream habitat characteristics and localize 
disturbances due to lack of flow (Tiemann 2004). A series of unpublished reports from the West 
Virginia Department of Transportation (1998-2003) showed that highway bridges can have 
negative effects causing a decrease in small mammal abundances under bridges, a change in 
breeding bird species composition under bridges, attraction of undesirable species including 
exotics, and fragmentation of habitat. 
Bird Studies 
Bridges can be beneficial to many species of birds as they provide nesting and perching 
sites. Cliff swallows were studied in Arkansas where it was concluded that the construction of 
concrete bridges have lead to an expansion of this species outside of its original range (Tumlison 
2009). Barn swallows are increasing use of bridges as nest sites due to competition for natural 
nesting sites (Redmond and Murphy 2007). There also have been documentations of peregrine 
falcons using bridges and human structures as nesting and perching sites. The Bay Bridge and 
Golden Gate Bridge provide pivotal habitat for nesting and hunting sites for peregrine falcons in 
the San Francisco Bay area (Bell et al. 1996). Earlier studies on peregrine falcon use of bridges 
showed that peregrine falcons are inhabiting urban environments and using man-made structures 
for nesting (Tordoff and Redig 1988, Cade and Bird 1990). In an update on peregrine falcon 
nesting throughout the United States in 1993, 88 territorial pairs of peregrine falcons were found 
in 60 urban areas in North America. Of these, 30% of the nests were located on bridges and 






 Much research has been directed towards the use of bridges as roosting sites for bats. 
Rafinesque’s big-eared bat (Corynorhinus rafinesquii) is a species that use bridges as day roosts 
(Bennett et al. 2008).  This species now occurs throughout more of its range than originally 
thought and bridges may provide pivotal habitat where natural roosting sites are lacking (Bennett 
et al. 2008). The structural characteristics and surrounding habitat of bridges used as day roosts 
for Rafinesque’s big-eared bats are important (Lance et al. 2001). The type of support structure 
under bridges, material with which bridges were built, proportion of surrounding habitat 
composed of mature deciduous forest, and road surface of bridges were significantly associated 
with selection of roost sites (Lance et al. 2001). Eight species of bats used bridges in Oregon 
(Adams and Hayes 2000). These species roosted more frequently in end chambers than in center 
chambers of concrete, and differences in size and thermal characteristics of bridges influenced 
bat use (Adams and Hayes 2000). In Louisiana, bats roosted under bridges in areas that minimize 
their visibility and accessibility to predators, and areas with specific temporal variations (Ferrera 
and Leburg 2005a, Ferrera and Leburg 2005b). In one study, 87% of boxes placed under flat-
bottomed bridges were used by bats for roosting sites (Arnett and Hayes 2000). The authors 
recommended that future bridge designs should incorporate opportunities for roosting bats 
without the aid of supplemental structures. 
Movements  
Other research has shown that bridges may act as links to aid in movement of wildlife 
and reconnect disconnected populations. Coyotes have moved across the Golden Gate Bridge in 




Highway Studies and Impacts 
Wildlife-vehicle Mortality  
Although little work has been directed towards the impacts of bridges on ecological 
communities, much more work has been conducted on the impacts of highways. Much of this 
literature has focused on mortality caused by vehicle-animal collisions. Romin and Bissonette 
(1996) estimated 500,000 wild animals are killed every year by vehicle mortality while Schwabe 
and Schuhmann (2002) estimated 700,000. American badger (Taxidea taxus) mortality was 
lower in areas where there were abundant culverts leading to the conclusion that badgers are 
using culverts as passages instead of crossing roads (Kinley and Newhouse 2009). Deaths of 
black bears (Ursus americanus) due to vehicle mortality in Florida suggest the need for wildlife 
passages (McCown et al. 2009). Methodologies to find hotspots of amphibian and reptile 
mortality on rural highway have been developed and show it is possible to pinpoint hotspots for 
mortality and recommended priority areas for mitigation (Langen et al. 2007), and it is possible 
to identify meaningful predictors of hot spots of amphibian and reptile road mortality for use 
when planning roads or when conducting surveys on existing roads to locate priority areas for 
mitigation (Langen et al. 2009).  
There were 205 painted turtles killed (Chrysemys picta) during a 4 month summer period 
along a 7.2 km road in Montana that fragmented a series of rounded marshy wetlands that 
provide habitat for the turtles (Fowle 1990). A 49% mortality rate for the endangered Florida 
panther (Puma concolor coryi) was accounted for by motor vehicles which suggest mitigation in 
the form of underpasses and fencing needs to be done to greatly reduce this percentage (Maehr et 
al. 1991). A long-term data set for road killed raccoons (Procyon lotor) in Indiana found that 
vehicle speed was the major cause of mortality (Rolley and Lehuman 1992). Additionally, a 
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study on road-killed armadillos (Dasypus novemcinctus) in Florida found that traffic volume was 
the major cause of mortality (Inbar and Mayer 1999).  
 The number of colonial shorebirds killed by vehicle strikes along a bridge in Florida 
dropped after fences were installed along sides of bridge (Bard et al. 2002). The fences forced 
the birds to fly higher over the bridge and out of the way of motorists (Bard et al. 2002). There 
are many other studies on wildlife and vehicle mortality including: road-mortality of snapping 
turtles in Ontario during breeding season (Haxton 2000), the factors influencing deer and vehicle 
accidents in Iowa (Hubbard et al. 2000), highway and habitat characteristics of deer-vehicle 
collisions in Pennsylvania (Bashore et al. 1985), the effects of road kills on amphibian 
populations (Hels and Buchwald 2001), the demographic consequences of road mortality in 
Florida scrub jays (Aphelocoma coerulescens) (Mumme et al. 2000), and the rates and causes of 
mortality in a fragmented population of Iberian lynx (Felis pardini) (Ferreras et al. 1992).  
Mitigations for Movement 
With so much wildlife and vehicle mortality reported yearly, much attention has been 
directed towards mitigations for wildlife movements. Highway fencing in Sweden decreased 
moose (Alces alces) mortality substantially and improved automobile safety, but may restrict 
moose movements and accessibility to resources (Olsson and Widen 2008). Electric fences 
reduced moose from crossing highways by 78% (Leblond et al. 2007).  Video surveillance show 
underpasses limit vehicular mortality of elk (Cervus canandesnsis) when crossing freeways 
(Dodd et al. 2007). Similar results were observed for white-tailed deer using underpasses in 
North Carolina including high use of underpasses, limited mortality, and reconnection of habitat 
(Kliest et al. 2007).  Underpasses are also successful in limiting mortality for Florida panthers 
(Foster and Humphrey 1995) and for wildlife in southern California (Ng et al. 2004). A drift 
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fence system and a culvert in Florida prevented mortality of many amphibians and reptiles 
including a 98% prevention rate for turtles (Aresco 2005). A population of meadow voles 
(Microtus pennsylvanicus) was able to extend its range after continuous avenues of dense 
vegetation were planted along an interstate highway (Getz et al. 1978). 
Barrier Effects 
Other highway and roadway research have looked at the impacts of roads as barriers to 
wildlife. Roads are a barrier on grizzly bear (Ursus arctos) movements with bears crossing more 
often at night and in shorter reaches of the road when traffic was less and chance of collision was 
lower (Waller and Servheen 2005). Eastern chipmunks (Tamias striatus) avoid both roadside 
vegetation and road surfaces (Ford and Fahrig 2008). Moose avoid areas near highways and 
there is a positive relation between home-range size and the proportion of roads they contained 
(Laurian et al. 2008). Elk avoid roads during times of high traffic volume and use the habitat 
only when traffic volume was low (Gagnon et al. 2007). Grizzly bear cross roads hesitantly and 
usually did so rapidly and acutely (Graves et al. 2006). Rodents in the Mojave Dessert travel 
long distances, but hesitated to cross roads (Garland and Bradley 1984). Two species of forest 
dwelling mice in Germany rarely or never crossed two-lane highways (Mader 1984). Studies on 
carnivore populations in the Rocky Mountains indicate that roads could be barriers for crossing 
(Noss et al. 1996). Both Gibbs (1998) and Carr and Fahrig (2001) indicated that highways can be 
significant barriers to amphibian breeding migrations, seasonal migrations, and normal foraging 
dispersals. Older research has provided evidence that large animals including black bears, grizzly 
bears, elk, mule deer (Odocoileus hemionus), and wolves (Canis lupus) also appear to avoid 
roads (Rost and Bailey 1979, Grover and Thompson 1986, McLellan and Shackleton 1988, 




 Some studies have found impacts of noise from traffic upon wildlife. In a series of 3 
papers, Foppen and Reijnen (1994), Reijnen and Foppen (1994), and Reijnen et al. (1995) found 
that of 43 species of woodland breeding birds, 26 species showed reduced densities near 
highways. There was evidence that the presence of a highway reduced willow warbler 
(Phylloscopus trochilus) populations significantly. A regression model showed that road noise 
best explained the lower bird density near the road. Research from Texas indicates that white-
winged doves (Zenaida asiatica) near roads call less during high traffic periods and ability to 
detect breeding birds aurally decreased (Breeden et al. 2008). Other reports have shown that 
noise disturbance from roads is one of the most important factors negatively impacting terrestrial 
wildlife (Forman and Alexander 1998, Spellerburg 1998). 
Presence of a Highway 
 The general presence of a road or highway could impact certain taxa of wildlife. Roads 
can dictate the overall species richness and abundance of salamanders with disturbance tolerant 
species benefiting while others decrease (Ward et al. 2008). Road mortality on snakes can be the 
direct result of snakes using roads as basking sites (Rosen and Lowe 1994). Presence of salt and 
other deicing agents used for snow removal can attract animals to roads and thus cause mortality 
(Fraser and Thomas 1982). Other research shows mortality in birds as a result of salt on roads 
(Mineau and Brownlee 2005). Additionally, vehicle mortality could also be a threat to species of 







 The presence of highways can act as barriers to wildlife causing habitat fragmentation. 
Habitat fragmentation is generally defined as the process of subdividing a continuous habitat 
type into smaller patches, which results in the loss of original habitat patch size, and increasing 
isolation of patches (Andren 1994). Highways also can be the cause of other detriments to habitat 
including alteration and loss. Habitat for moose was fragmented by roads limiting home range 
(Laurian et al. 2008). Elk are shy and wary of roads causing habitat fragmentation and limited 
movement (Dodd et al. 2007). Both McGregor et al. (2003) and Conrey and Mills (2001) showed 
that roads and highways cause habitat fragmentation to small mammal populations. Genetic 
diversity was limited in an anuran population due to fragmentation from highways (Lesbarreres 
et al. 2006). Habitat fragmentation can cause a reduction in genetic diversity of voles (Family 
Cricetidea) (Gerlach and Musolf 2000). Likewise, highways can cause a decrease in genetic 
diversity in bighorn sheep (Ovis canadensis) (Epps et al. 2005). Roads also may cause 
fragmentation of habitat and limit snake movements (Andrews et al. 2005). Roads act as barriers 
causing habitat fragmentation and disrupting otherwise continuous population distributions (Vos 
and Chardon 1998) and highways may block animal movements leading to fragmentation of 
wildlife habitats and populations (Trombulak and Frissell 2000).  
 Elk distribution and modeling in relation to roads indicate that roads cause alteration of 
habitat which negatively affected elk movements and distribution (Rowland et al. 2000). 
Thousands of kilometers of roads are constructed through wetlands causing the loss, 
fragmentation, and degradation of habitat by filling, dredging, and alteration of hydrologic 
regimes (Mitsch and Gosselink 2000). Forman (2000) reported that roads and highways cause a 
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direct habitat loss for certain species, while other literature suggests roads can result in direct 
habitat destruction for amphibians (Blaustein and Kiesecker 2002).  
 In certain instances, highways can create habitat and positively affect wildlife. Red-
winged blackbird (Agelaius phoeniceus) and horned lark (Eremophila alpestris) abundances 
were greater near roads due to increase in edge and early successional habitat (Clark and Karr 
1979). Roads also may create additional ecotone habitat and favor the growth of deciduous 
shrubs preferred by ungulates (Child 1998).  
Aquatic Systems 
 Many researchers have investigated the impacts of highways on aquatic systems (e.g., 
Eaglin and Hubert 1993, King et al. 2000, Wellman et al. 2000). Many of these studies have 
focused on sedimentation or siltation. Road construction along stream corridors can alter 
structure, function, and stability of stream channels (Albanese and Matlack 1998). A review by 
Henley et al. (2000) found inconsistent patterns of environmental impacts among sites.  An 
increase in inorganic sediments may be due to highway construction (King and Ball 1965). 
Urbana and Rhoades (2003) found the same and attributed this to erosion of exposed and 
unvegetated river banks. Erosion increases on the disturbed land surface due to recontouring and 
leveling during construction (Wohl 2006). Alteration of natural stream channels by channel 
realignment, placement of culverts, and construction of bridges also can occur (Johnson 2006).  
Suspended solids and sediment increase in streams with highway construction (Cline et 
al. 1982). Densities of benthic macroinvertebrates were impacted during and immediately 
following construction (Cline et al. 1982). Benthic macroinvertebrates in Halon Creek in Ontario 
had different species composition in heavily constructed and impacted areas with disturbance 
tolerant species found in high numbers (Barton 1977). Benthic macroinvertebrates were studied 
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at 4 sites on Turtle Creek, a stream impacted by the construction of Appalachian Corridor G, and 
diversity and abundance was found to decrease during the construction of the highway 
(Chrisholm and Downs 1978). Repopulation and diversification occurred quickly within 
disturbed and newly created reaches of Turtle Creek, and within about 1 year, the benthic 
macroinvertebrate population of the disturbed stream was similar to that of a control stream 
(Chrisholm and Downs 1978).  
In recent years, Hedrick (2008) studied the effects of highway construction and sediment 
on benthic macroinvertebrates, water quality, and stream functions in connection with the 
Appalachian Corridor H project. Little difference in the amount of sediment collected at 
upstream and downstream sites were found (Hedrick et al. 2009). Likewise, benthic 
macroinvertebrate communities did not differ significantly seasonally or annually by stream or 
by site. This lead to the conclusion that on-site controls effectively collected new sediment and 
macroinvertebrates were not significantly impacted (Hedrick 2008).  
Hypotheses and Objectives 
 The main goal of this study was to evaluate the impacts of the Blennerhassett Island 
Bridge crossing (Ohio River) by sampling vegetation, soil, waterbirds, songbirds, anurans, 
turtles, small mammals, and furbearers. 
The specific objectives of this study were: 
1.) To compare vegetation, soil, waterbirds, songbirds, anurans, turtles, small mammals, and 
furbearers at the Blennerhassett Island site (new bridge) to the Buckley Island site (old 
bridge), Muskingum Island site (no bridge), and the Grape Island site (no bridge, for 
anurans and turtles only). 
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2.) To compare vegetation, soil, songbirds, anurans, turtles, small mammals, and furbearers 
at different distances from the bridge (under (0 m), away (100 and 300 m)). 
3.) To compare pre-construction data collected during the Phase I and Phase II Studies for 
vegetation, soil, waterbirds, songbirds, small mammals, and furbearers to post-
construction data collected in this project. 
Based on the above objectives, the following hypotheses were made: 
1.) H0: The Blennerhassett Island Bridge does not affect wildlife taxa mentioned above in 
comparison to other islands.  
Ha: The Blennerhassett Island Bridge does affect wildlife taxa mentioned above in 
comparison to other islands. 
2.) H0: The Blennerhassett Island Bridge does not affect wildlife taxa mentioned above in 
comparison to other distances from the bridge.  
Ha: The Blennerhassett Island Bridge does affect wildlife taxa mentioned above in 
comparison to other distances from the bridge. 
3.) H0: The Blennerhassett Island Bridge does not affect wildlife taxa mentioned above in 
comparison to pre-construction data.  
Ha: The Blennerhassett Island Bridge does affect wildlife taxa mentioned above in 
comparison to pre-construction data. 
Content Brief 
 The research findings presented here are divided into 5 chapters with the first chapter 
serving as an introduction and literature review. Chapter 2 will investigate the impacts of the 
Blennerhassett Island Bridge on vegetation and soil for post-construction data only and 
investigate island and distance comparisons. Chapter 3 will investigate the impacts of the 
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Blennerhassett Island Bridge on waterbirds, songbirds, anurans, turtles, small mammals, and 
furbearers for post-construction data only and investigate island and distance comparisons. 
Chapter 4 will investigate the impacts of the Blennerhassett Island Bridge over time by 
comparing pre-construction vegetation, soil, and wildlife data to post-construction data. Finally, 
Chapter 5 will give overall conclusions on the impacts the Blennerhassett Island Bridge has on 
soil, vegetation, and wildlife and to what degree they are affected, as well as provide 
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Figure 1: Aerial photo of Blennerhassett Island and U.S. Rt. 50 (Corridor D) in 2007 showing the 




Figure 2: Photo of the Blennerhassett Island Bridge taken from Dupont Road near Blennerhassett 




Figure 3: Photo of the Blennerhassett Island Bridge taken along the Ohio River on the West 
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Roadsides are often planted with non-native, disturbance tolerant, herbaceous vegetation to 
enhance plant survival under highly disturbed soil conditions.  We investigated vegetation and 
soils along the Ohio River, WV, USA at a new bridge crossing (Blennerhassett Island), a bridge 
crossing 45 years old (Buckley Island), and an island with no bridge crossing (Muskingum 
Island) and at 3 distances from the bridge or center point at each site (0 m, 100 m, 300 m). 
Overall, 170 species (131 herbaceous, 10 shrubs, and 29 trees) were observed. Percent cover of 
shrubs was higher at Muskingum than the other 2 sites (P < 0.05), and herbaceous cover and 
basal area of trees were lower at transects under the bridges (P < 0.05). Species composition 
differed at Muskingum Island compared to the other 2 sites (P < 0.05). Species composition also 
differed at transects under the bridges in comparison to distant transects (P < 0.05) with exotics 
such as Japanese millet and Italian perennial rye grass prevalent under the new bridge. 
Phosphorus, bray II phosphorus, soluble sulfur, sodium, potassium, zinc, calcium, magnesium, 
aluminum, total exchange capacity, organic matter, and estimated nitrogen released all had 
highly altered levels at transects under bridges (P < 0.05). Copper had lower levels at 
Blennerhassett compared to the other 2 sites (P < 0.05). The bridges influence vegetation directly 
beneath them by creating an environment with non-native, disturbance tolerant, herbaceous 
vegetation with low percent cover and basal area. Differences between sites were due to natural 
vegetative communities, while the presence of a bridge was responsible for differences between 
distances. The bridge was also found to alter soil chemistry, physical properties, and ecological 






 Roads can affect both vegetation and soil. Due to their vast presence across the 
landscape, there is a growing concern about the effects of highways and other roads on local and 
regional ecosystems (Forman 2000, Parendes and Jones 2000). Highway impacts are complex 
and can cause numerous potential problems including: disturbance during construction (Hedrick 
et al. 2009), alteration of normal hydrological flows (Forman and Alexander 1998), the 
introduction of salts and deicing agents into the soil (Davison 1971, Rutter and Thompson 1986), 
the fragmentation of natural communities (Lesbarreres et al. 2006, Dodd et al. 2007, Laurian et 
al. 2008, Ward et al. 2008, Poplar-Jeffers et al. 2009), and the threatening and endangerment of 
rare species (Stanton Fleming et al. 2007). Other concerns include vehicle exhaust emissions 
introducing particles and gases into the atmosphere which could affect plant photosynthesis, 
composition, competition, and growth (Mooney et al. 1988, Hunt et al. 1991, Ferris and Taylor 
1995, Angold 1997) and potential problems from wind gusts, artificial light, noise, and dust 
(Fluckiger et al. 1978, Thompson et al. 1984, Spellerberg 1998). Lastly, roads serve as vectors 
for the introduction and spread of non-native and invasive species (Brothers and Spingar 1992, 
Parendes and Jones 2000, Gelbard and Belnap 2003, Rentch et al. 2005a). Once invasive plants 
are established, they can be detrimental to the environment by outcompeting native vegetation 
for resources and decreasing species richness by forming monocultures (Forman et al. 2003). 
Bridges may share many impacts of roads. Different impacts include increased shade and lower 
precipitation and soil moisture due to the overhang of the bridge. There are a lack of published 
data on the impacts of bridges on vegetation and soil. However, it can be hypothesized that 
bridges impact vegetation, soils, and their ecological roles similar to roads. 
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 Roadsides are often planted with disturbance-tolerant, non-native, generalist species of 
flowering, herbaceous plants and grasses that form discontinuous vegetation patterns and differ 
from contiguous native plant communities (Baker 1965, Townsend et al. 2000, Forman et al. 
2003). Most species found along roadsides are pioneer, shade-intolerant, species that grow 
poorly or get out-competed in areas with dense shade (Forman et al. 2003, Diamond and Boyd 
2004). However, some roadsides may contain natural plant communities or native plant species 
(Ullman et al. 1998).  In West Virginia, highway corridors are usually re-vegetated with tall 
fescue (Kentucky 31 fescue) (Lolium arundinaceum (Scop.) Holub), red fescue (Festuca rubra 
L.), love grass (Eragrostis cuneata Schradu. Nees), bird’s foot trefoil (Lotus corniculatus L.), 
and crown vetch (Coronilla varia L.) (Rentch et al. 2005a). These plants are usually chosen for 
seed mixtures due to their ability to take root quickly, stabilize soil, and reduce erosion (Forman 
et al. 2003). Once a disturbed site has been re-vegetated, the process of plant succession over 
time begins (Smith 1996, Townsend et al. 2000).  
 Construction and maintenance of roads has caused profound disturbance to the natural 
soil. Roadside disturbance and deicing agents change the physical properties of the soil (e.g., 
structure, stability, erodibility, porosity, and permeability) (Johnston and Johnston 2004) and 
also indirectly influence biological and chemical properties of the soil including: organic content, 
soil biota, chemistry, and microclimate conditions (Kuss et al. 1990). Deicing salts impact local 
water quality, vegetation, and soils by directly increasing concentrations of sodium, chloride, 
magnesium, and calcium (Liem et al. 1985, Simini and Leone 1986, Wilcox 1986). Continued 
infiltration of road salt into the soil may lead to potential long-term changes in soil chemistry and 
vegetation composition (Wilcox and Andrus 1987, Pugh et al. 1996, Panno et al. 1999, Richburg 
et al. 2001). Many of these impacts have the potential to compromise primary ecosystem 
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function, hydrological cycles, nutrient movement and availability, and surface stability (Wilcox 
and Andrus 1987, Johnston and Johnston 2004). These changes in soil characteristics may affect 
plant growth, species diversity and composition, and create an environment conducive to 
colonization by exotic species (Tyser et al. 1998, Forman and Alexander 1998, Jones et al. 2000, 
Rentch et al. 2005a).  
  The purpose of this study was to evaluate the short-term impacts and effects of the 
Blennerhassett Island Bridge as it crosses over the Ohio River and Blennerhassett Island near 
Parkersburg, West Virginia, USA. The Blennerhassett Island Bridge is a large tied-arch style 
single-span bridge (GoBridges 2009) 1,220 m in length and 24 m above the island and water 
with 3 piers on the island. Construction of the bridge began in May 2005 and it was opened to 
the public 13 June 2008. This study investigates herbaceous and woody vegetation and soil 
characteristics associated with bridges. We compared vegetation and soil at Blennerhassett Island 
and 2 other islands (1 with an existing bridge crossing and 1 with no bridge crossing). We also 




This study was conducted along the Ohio River in Wood County, West Virginia and 
Washington County, Ohio, USA. We studied 3 sites (Blennerhassett Island, Buckley Island, and 
Muskingum Island) (Figure 1) and conducted surveys on both the islands and the adjacent 
mainlands. Blennerhassett and Buckley both have bridge crossings, but Muskingum does not and 
was therefore used as a control site. The bridge crossing Blennerhassett Island is a single-span 
tied-arch style bridge about 1,220 m in length and 24 m in height. This 4-lane bridge carries U.S. 
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Route 50. The bridge crossing Buckley Island is also a single-span tied-arch style bridge similar 
in size to the bridge crossing Blennerhassett Island. It was constructed in the mid-1960s and is 
part of Interstate 77. These islands occur between km markers 271.8 and 305.6 (mi markers 
168.9 and 189.9) with all 3 sites located in the Belleville Navigational Pool (Tolin and Schettig 
1983). 
Precipitation totals about 106 cm/year (IDcide West Virginia Weather 2010) and is fairly 
consistent from month to month. Elevation ranges from 184-198 m (IDcide West Virginia City 
Data 2010). All islands in this study area have been historically used for agriculture and the river 
channels around them may have been historically dredged (Tolin and Schettig 1983). The 
adjacent mainland has been shaped by disturbance from urbanization, agriculture, commercial 
development, and industrial development. 
Bottomland hardwood forest is the most abundant cover type on the islands (Tolin and 
Schettig 1983) dominated by silver maple (Acer saccharinium L.), box elder (Acer negundo L.), 
and American sycamore (Platanus occidentalis L.) (Strausbaugh and Core 1977). Old-field 
cover types are the second most common cover types on the islands (Tolin and Schettig 1983). 
These cover types were created by past agricultural practices, oil and gas activities, recreational 
development, logging, and industrial activities (Zadnik et al. 2009). Old-field habitats are the 
transitional areas between bare ground and forest. They are usually comprised of vegetation such 
as forbs, grasses, and small shrubs (Bleich et al. 2005), but some of the islands may have woody 
plants becoming dominant (United States Fish and Wildlife Service 2002).  
Soils on the Ohio River islands and their adjacent floodplains are primarily fine sandy or 
silt loams of the Huntington, Chagrin, and Linside series (United States Department of 
Agriculture 1970). These soils range from very well drained to somewhat poorly drained and 
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contain normal levels of soil nutrients (United States Department of Agriculture 1970). The 
substrates of aquatic areas consist of muck, detritus, silt, clay, sand, gravel, cobble, riprap, 
emergent and submergent stumps and logs, and emergent and submergent aquatic beds (Tolin 
and Schettig 1983). 
Following completion of the Blennerhassett Island Bridge in 2008, the soil directly under 
the bridge was fertilized using a nitrogen, potassium, and phosphorus mixture, mulched, and 
seeded. The seed mixture contained switchgrass (Panicum virgatum L.), redtop (Agrostis alba 
Roth), Japanese millet (Echinochloa crus-galli var frumentacea P. Beauv.), Italian perennial rye 
grass (Lolium perenne L.), and Kentucky 31 fescue. 
Study Design 
Vegetation and soils were sampled at Blennerhassett Island (new Rt. 50 bridge), Buckley 
Island (existing I-77 bridge), and Muskingum Island (no bridge). Vegetation and soils were 
sampled along 100 meter transects placed under and parallel with the bridge or for Muskingum 
Island at the island center, and at 100 and 300 meters from the central transect. Transects started 
at the shorelines and were placed on both sides of the bridge on both the mainlands and on the 
island. Because of site constraints (e.g., size of island, industry, agriculture, rock quarry, 
commercial and residential development) not every proposed transect (n = 20 at each site) could 
be sampled: Blennerhassett Island (n = 15), Buckley Island (n = 9), and Muskingum Island (n = 
7). This provided a total of 31 transects among the 3 sites. 
Vegetation  
The composition and structure of vegetation associated with each 100 meter transect was 
sampled using a 20 m × 50 m (0.1 ha) nested quadrat (Figure 2) (Rentch et al. 2005b). In 
instances where this was not possible, a 20 m × 25 m (0.05 ha) quadrat sample area was used. 
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This was done for 4 total transects (n = 2 at Blennerhassett and n = 2 at Buckley) due to space 
constraints, roads, and railroad crossings. Quadrats were positioned so that the center of the 
quadrat corresponded to the center of the transect. Diameter at breast height (1.37 m above the 
ground level on uphill side and hereafter referred to as DBH) of all live stems of trees (≥ 10 cm 
DBH) and small trees (2.5 to 9.9 cm DBH) was recorded by species in the quadrats. Saplings 
(individual trees ≤ 2.5 cm DBH but ≥ 1.0 m tall) were tallied by species in the same quadrat area. 
Numbers of seedlings (individual trees < 1.0 m tall) and shrubs (including woody vines) were 
recorded by species in 4 5.0 × 5.0 m plots placed at regular intervals along a 50 m tape used to 
establish the centerline of the principal quadrat (Figure 2). Estimates of percent cover of 
herbaceous plants, exposed rock, woody debris, and bryophytes were recorded from 10 1.0 × 1.0 
m plots placed at 5.0 m intervals along the same tape (Figure 2). All cover values were estimated 
using a cover class rating scale described by Daubenmire (1968): 1 = < 5% cover, 2 = 5-25, 3 = 
26-50, 4 =51-75, 5 = 76-95, and 6 = > 95, and the midpoint of cover class was used to estimate 
average percent cover.   Vegetation sampling was conducted during July 2008. 
We calculated percent cover for herbs and shrubs, basal area for trees, species richness, 
and Shannon diversity index (SDI) for each of the sample plots for all plants and for native 
plants only. Vegetation parameters were compared by site, distance, and interaction using a 2-
way analysis of variance (ANOVA) with an alpha level of 0.05. Non-normal data (i.e., percent 
cover for shrubs and basal area for trees) were rank transformed (Conover and Iman 1981). 
Because the levels of distance had no physical meaning for Muskingum, a partial analysis was 
done to examine distance only for Blennerhassett and Buckley islands. In the case where there 
was no significant interaction, a contrast for the effect of distance pooled across both islands was 
estimated and, if necessary, follow up pairwise comparisons between levels of distance were 
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estimated. If there was a significant interaction, then the effect of distance was examined for the 
2 islands on an individual basis (i.e., a simple effects analysis). Residual diagnostics were used to 
verify the assumptions of the model. The test of interaction for shrubs and basal area was done 
using untransformed data to obtain a more approximate analysis (Conover 1999). When 
subsequently testing main effects or contrasts, rank transformed data were used. 
We initially evaluated the uniqueness of species composition by site and distance from 
bridge via PERMANOVA (Anderson 2001) using the Vegan package in Program R. A 
subsequent one at a time analysis was done using multi-response permutations procedures 
(MRPP) in PC-ORD version 5.10 software (McCune and Mefford 1999). MRPP is a non-
parametric multivariate procedure for testing the hypothesis of no difference between species 
composition of 2 or more a priori groups of plots (McCune et al. 2002). For these analyses, all 
species that occurred less than 3 times were deleted. Percent cover for herbs and shrubs and basal 
area for trees were calculated for abundance data along with percent cover of bryophytes, bare 
ground or rock, and woody debris for each transect. These data were then relativized using a 
general column relativization. A Sorensen (Bray-Curtis) distance measure was used with a rank 
transformed distance matrix and an alpha level of 0.05. A Sorensen community similarity index 
was used to evaluate vegetation overlap among sites and distances. The transects at Muskingum 
Island were not used in the distance analysis. Dependent variables were precent cover for 
herbaceous vegetation and shrubs and basal area for trees. Independent variables consisted of site 
and distance from bridge. The sample unit was the quadrat. 
Lastly, the affinity of species occurrence by site and distance were calculated using 
indicator species analysis (Dufrene and Legendre 1997). This method combines information on 
the species abundance at a particular treatment and the faithfulness of occurrence (frequency) of 
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a species at a particular location (Rentch et al. 2005a). First, an indicator value for each species 
was calculated with a value between 0 and 100. A value of 0 showed no indication of the species 
and a value of 100 showed perfect indication of the species. Second, the statistical significance 
of the highest indicator value (IVmax) for each species was tested using a Monte Carlo test using 
4,999 permutations with an alpha level of 0.05. 
Soil 
Soil samples were collected within each of the 0.1 ha quadrats established for the 
vegetation sampling using a 1.27 cm diameter soil probe. Composite samples were created from 
4 sub-samples collected from the upper 10 cm of soil. Each quadrat was divided into 4 equal 
0.025 sub-sections, and 1 subsample of soil was randomly taken from each sub-section, and all 4 
samples were mixed together. Each sample was air dried, passed through a 2 mm sieve, and then 
sent to the Brookside Laboratories in New Knoxville, Ohio, USA, for analysis. The soil 
parameters analyzed were percent organic matter, pH, total exchange capacity, estimated 
nitrogen released, parts per million for aluminum, ammonium, boron, phosphorus, bray II 
phosphorus, copper, calcium, iron, magnesium, potassium, zinc, nitrate, sodium, manganese, and 
soluble sulfur (Stephenson et al. 2007). Soil samples were collected at these sites during the 
vegetation sampling in July 2008. 
Soil data were compared by site, distance, and interaction using a 2-way ANOVA with an 
alpha level of 0.05. Non-normal data or data displaying non-constant variance (i.e., parts per 
million of soluble sulfur, phosphorus, potassium, sodium, ammonium) were log transformed. For 
several variables displaying nonconstant variance that could not be remediated via a log 
transformation (bray II phosphorous, iron, nitrate), a model allowing for heterogeneous variance 





 A total of 170 species (n = 121 at Blennerhassett, n = 81 at Buckley, and n = 56 at 
Muskingum) were identified among the 31 sample quadrats (Appendix 6). Of the 170 species, 
131 herbaceous plants, 10 shrubs, and 29 trees were identified. A total of 52 non-native and 
exotic species (n = 39 at Blennerhassett, n = 30 at Buckley, n = 13 at Muskingum) were sampled 
representing 30.5% of all species (Appendix 7) and 61.6% of total cover. A few of the most 
common exotic species sampled included: ground ivy (Glechoma hederacea L.), Japanese 
knotweed (Polygonum cuspidatum Siebold & Zucc.), mile-a-minute weed (Polygonum perfoliata 
(L.) H. Gross), and wild stinging nettle (Urtica dioica L.).  Herbaceous cover for all plants and 
native plants only, basal area, and SDI for native plants were lower at transects under the bridge 
compared to other distances (Table 1). Species richness was higher at the 100 m transects than 
the 0 m transects, but neither differed from the 300 m transects (Table 1). Additionally, percent 
cover for all shrubs and native shrubs were higher at Muskingum compared to the other 2 islands 
and SDI for native plants was higher at Muskingum than at the other 2 islands (Table 1). 
 All species that occurred less than 3 times were removed from the total species 
composition matrix reducing the 170 species to 64 species for the site analysis and 53 for the 
distances analysis (Table 2) plus percent cover of bryophytes, bare ground, and woody debris for 
the PERMANOVA and MRPP analysis. Of the 64 species, 24 (37.5%) were non-native and 
exotic to the study area while 22 of the 53 (41.5%) were non-native and exotic to the study area 
(Appendix 7). Results of the PERMANOVA showed no evidence of an island by distance 
interaction (F4,23 = 0.80, P = 0.97). Results of the MRPP suggest that different islands and 
distances from bridges are characterized by somewhat different vegetation assemblages with 
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higher percent shrub cover at Muskingum and lower percent herbaceous cover and basal area at 
the 0 m transects (Table 1). Vegetation composition was significantly different at Muskingum 
Island in comparison to the other sites and at the 0 m transect in comparison to other distances 
(Table 3). The Sorensen community similarity index comparing vegetative composition between 
sites and distances further indicated different communities (Table 3). 
Results from indicator species analysis suggest certain species were more likely to occur 
on particular sites and at particular distances from the bridge. Two species (Italian perennial rye 
grass and yellow wood sorrel (Oxalis stricta L.)) were indicative of Blennerhassett, 4 species 
(broadleaf dock (Rumex obtusifolius L.), common burdock (Arctium minus (Hill) Bernh.), 
jewelweed (Impatiens capensis Meerb.), and Kentucky bluegrass (Poa pratensis L.)) were 
indicative of Buckley, and 8 species (American sycamore, black elderberry (Sambucus 
canadensis L.), black walnut (Juglans nigra L.), box elder, ground ivy, nodding fescue (Festuca 
subverticillata (Pers.) Alexee), spicebush (Lindera benzoin L. Blume), and violet (Viola sp. L.)) 
and woody debris were indicative of Muskingum (Table 4). One species (Japanese millet) was 
indicative of 0 m transects (Table 4).  
Soil 
 Six soil variables had a significant site by distance interaction (Table 5). Soluble sulfur 
and sodium had altered levels due to the 0 m transects at Blennerhassett and Buckley showing an 
overall bridge effect, while phosphorus, bray II phosphorus, and potassium had altered levels due 
to the 0 m transect at Blennerhassett, and zinc had altered levels due to the 0 m transect at 
Buckley showing site specific alterations (Appendix 8). Copper was lower at Blennerhassett and 
aluminum was higher at Muskingum (Table 5). Total exchange capacity, calcium, and 
manganese were all significantly higher at the 0 m transects but organic matter, estimated 
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nitrogen released, and aluminum were significantly lower at the 0 m transects (Table 5). No 




Our study indicates that vegetative communities directly under both bridges are highly 
altered and dominated by species tolerant of disturbance. This may result from disturbance from 
construction, compacted soil, altered soil chemistry, lack of direct sunlight and rainfall, 
destruction of seed bank, and poor site conditions (Mortensen et al. 2009). We found that 
vegetation did not provide complete coverage of all the area disturbed under the bridge and 
overall flora was depauperate. The vegetation that was present under the bridge was herbaceous 
and comprised mostly of vegetation from seed mixtures such as redtop, Japanese millet, Italian 
perennial rye grass, and Kentucky 31 fescue. These vegetation communities and types are 
consistent with roadside vegetation communities in West Virginia (Rentch et al. 2005a).  
Species composition and percent shrub cover differed significantly by site primarily due 
to differences in Muskingum Island and was not attributed to the Blennerhassett Island Bridge 
affecting large amounts of the island. Muskingum Island is mostly bottomland hardwood forest 
cover type (Appendix 4) as opposed to Blennerhassett (Appendix 2) and Buckley (Appendix 3) 
islands which have large areas of old-field cover types. The difference between distances is 
attributed to the 0 m transects being different than the 100 m and 300 m transects and overall 
historical land use. The construction of the Blennerhassett Island Bridge has impacts on 
vegetation directly under the bridge, but does not impact vegetative communities at other 
sampling distances from the bridge.  
51 
 
Anthropogenic habitats, such as roadsides, may alter the demographic behavior of species 
(Quintana-Ascencio et al. 2007, Weekley et al. 2008). Our study indicates that several species of 
exotic and invasive species (e.g., Canada thistle (Cirsium arvense (L.) Scop.), common burdock, 
Japanese knotweed, Japanese hop (Humulus japonicus Siebold & Zucc.), lady’s thumb 
(Polygonum persicaria L.), mile-a-minute weed) are promoted by the presence of the bridge. The 
area directly under and adjacent to the bridge is of similar condition to roadside environments 
which frequently provide vectors for the spread of invasive species (Forman and Alexander 
1998, Rentch et al. 2005a, Christen and Matlock 2006, Mortensen et al. 2009). Many exotic 
species found in this study may be present due to the study area being in a floodplain; however, 
we believe that the poor site conditions under the bridge have created an environment favorable 
for a limited suite of exotic species.  
The natural progression of plant succession following a disturbance has been well 
documented and is well understood (Oliver and Larson 1996). Ideally, this is the process that 
will occur under the Blennerhassett Island Bridge over time. However, many potential problems 
including compacted soils, altered soil chemistry, lack of direct sunlight, emissions from 
vehicles, particles coming from the bridge, and presence of invasive and exotic species may 
hinder this process.We hypothesize that the area under the Blennerhassett Island Bridge will not 
follow the natural series of plant succession and will be characterized by low coverage and 
vegetation dominated by herbaceous, disturbance tolerant, and exotic species as similarly shown 
under the Buckley Island Bridge.  
Soil  
 Our study indicates that soil chemistry under both bridges is altered and that the presence 
of highway bridges causes high levels of certain elements and soil properties. Both bridges 
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appear to impact the soil. Most of the impacts occur directly under the bridge and not at distant 
transects. Both bridges impact the soil due to materials leaching from the bridge, disturbances 
during construction, and altered levels of certain elements from fertilization. Another issue is 
disturbance to natural soil properties (structure, stability, erodibility, porosity, and permeability) 
as described by Johnston and Johnston (2004). Of the 19 variables measured, 6 had a significant 
interaction all caused by differences under bridges; 6 showed differences by distance all 
attributed to the 0 m transects; and 2 differed by sites attributed to islands with bridges.  
We do not know the exact causes for the observed differences but we can make the 
following suppositions. Altered levels of phosphorus, bray II phosphorus, and potassium could 
be due to the fertilizer used during the reseeding of vegetation under the bridge (Bennett et al. 
2001). Altered levels of sodium, calcium, and manganese are most likely due to the leaching of 
deicing agents placed on the bridges for snow removal (Wilcox 1986). Abnormal soluble sulfur 
levels could be due to emissions from vehicles using the bridge (Mooney et al. 1988). The 
altered levels of zinc under the bridge could be due to materials coming from the structure of the 
bridge or the highway surface of the bridge, while lower aluminum levels may be due to 
disturbance during construction. Copper levels were lower at Blennerhassett indicating that the 
bridge is potentially causing temporary low copper levels, but not over time, as copper levels 
were normal at Buckley Island. Total exchange capacity, organic matter, and estimated nitrogen 
released all differed under the bridge possibly due to compaction of soil and changes in the 
physical properties of the soil (Johnston and Johnston 2004).  
The bridges may indirectly influence biological and chemical properties of the soil 
including: organic content, soil biota, chemical conditions, and soil microclimate (Kuss et al. 
1990). Furthermore, many of these impacts may be compromising primary ecosystem function, 
53 
 
hydrological cycles, nutrient movement and availability, and surface stability (Johnston and 
Johnston 2004). These changes in soil characteristics may be responsible for changes in plant 
growth, species diversity and composition, and may be creating an environment conducive to 
colonization by exotic species (Tyser et al. 1998, Forman and Alexander 1998, Jones et al. 2000, 
Rentch et al. 2005a). However, high levels of certain elements (e.g., nitrogen, potassium, 
phosphorus) may be beneficial to some native species as they provide nutrients into the soil and 
increase plant growth and uptake (Bennett et al. 2001). 
We believe that the altered soil chemistry under the Blennerhassett Island Bridge will 
continue through the near future. This is due to the continuation of exhaust and emissions from 
vehicles as well as the application of deicing agents onto the bridge. We suggest that high levels 
of certain elements and altered properties of the soil will continue through time as shown at the 
Buckley Island Bridge. We also suggest that the present impacts and effects to the soil will 
continue to be confined to the area under the bridge and not affect distant areas. 
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Table 1: Summary statistics for vegetation metrics with means and standard errors (SE) analyzed by sites (Blennerhassett, Buckley, 
and Muskingum islands, West Virginia, USA), distances from bridge (0, 100, and 300 m), and interaction during the July 2008 
sampling period with same letters indicating no significant difference for an individual vegetation stratum (bolded vegetation stratum 
are significant at α = 0.05). 
 
Metric 
Blennerhassett  Buckley  Muskingum   
 SE   SE   SE  F2,23 P 
Percent Herbaceous Cover (All Species) 110.80a 6.56  129.47a 39.69  127.71a 8.03  2.42 0.112 
Percent Shrub Cover (All Species) 2.09b 1.39  1.72b 3.21  12.64a 2.82  7.87 0.002 
Basal Area (All Species) 32.92a 15.22  58.02a 89.39  34.63a 4.43  2.74 0.085 
Species Richness  (All Species) 18.00a 1.91  16.67a 6.65  23.00a 1.94  1.89 0.174 
Shannon Diversity Index (All Species) 2.24a 0.11  2.01a 0.33  2.46a 0.12  2.26 0.127 
Percent Herbaceous Cover (Natives Only) 35.63a 6.70  56.08a 14.00  46.75a 7.43  1.82 0.185 
Percent Shrub Cover (Natives Only) 2.06b 1.37  0.64b 0.46  11.79a 2.81  10.06 0.001 
Species Richness (Natives Only) 8.56a 1.23  8.33a 1.60  13.00a 1.48  2.88 0.077 
Shannon Diversity Index (Natives Only) 1.24b 0.04  1.16b 0.16  1.92a 0.09  8.62 0.002 
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Table 1 Extended 
0 m  100 m  300 m     Interaction 
 SE   SE   SE  F2,23 P  F4,23 P 
91.75b 10.64  127.55a 9.07  123.56a 11.43  4.49 0.023  0.82 0.525 
0.00a 0.00  2.30a 1.60  2.89a 1.73  1.35 0.280  0.96 0.450 
0.01b 0.01  49.23a 24.58  61.84a 27.43  7.23 0.004  0.79 0.543 
12.5a 2.11  21.50b 1.79  16.44ab 2.71  3.65 0.042  0.52 0.725 
1.94a 0.12  2.38a 0.07  2.06a 0.18  3.31 0.054  0.92 0.467 
18.50b 6.24  46.48a 10.88  61.25a 11.91  4.20 0.028  0.80 0.538 
0.00a 0.00  2.08a 1.61  2.22a 1.78  0.23 0.798  0.56 0.693 
5.33a 1.12  11.10a 1.64  7.67 1.35  3.26 0.057  0.84 0.514 
0.76b 0.10  1.42a 0.09  1.28a 0.18  5.39 0.012  1.07 0.396 
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Table 2: Summary statistics for all species with means (% cover for herbs and shrubs and basal area [m
2
/ha] for trees) and standard 
errors (SE) that occurred 3 or more times during vegetation surveys and were used in the PERMANOVA and multi-response 
permutations procedure composition matrix (all 64 species for the site analysis and 53 species (bolded) for the distance analysis) for 
Blennerhassett, Buckley, and Muskingum islands, West Virginia, USA during the July 2008 field season. 
 







































































































Table 2 Continued 
         





















































































































Table 2 Continued 
         





















































































































Table 3: Summary statistics for multi-response permutation procedures for herbaceous, shrub, and tree strata for sites (Blennerhassett, 
Buckley, and Muskingum islands, West Virginia, USA) and distances from bridge (0, 100, and 300 m) during the July 2008 field 
season. Strata were grouped by site and distance. The T statistic is the weighted mean within-group distance, the A statistic is the 










T A P 
Site 0.279  0.425 0.500 -4.954 0.150 < 0.001 
Blennerhassett vs. Buckley 0.426  . . -1.811 0.511 0.050 
Buckley vs. Muskingum 0.395  . . -4.299 0.169 < 0.001 
Blennnerhassett vs. Muskingum 0.423  . . -4.852 0.147 < 0.001 
 
       
Distance 0.291  0.459 0.500 -2.056 0.081 0.036 
100m vs. 300m 0.567  . . 1.368 -0.049 0.967 
300m vs. 0m 0.380  . . -3.431 0.153 0.008 
100m vs. 0m 0.393  . . -3.153 0.124 0.008 
66 
 
Table 4: Species indicator values (IV) for site (Blennerhassett, Buckley, and Muskingum islands, West Virginia, USA) and distance 
from bridge (0, 100, and 300 m). P-values (P) based on the proportion of randomized trials with expected IV > observed IV. Only 
species whose observed IV exceeds Ivexp at P-values < 0.05 are shown; 4,999 permutations were used in a Monte Carlo test. IV = 100 
× (relative abundance × relative frequency). 
 
Common Name Scientific Name Site or Distance Ivmax  SD P 
American Sycamore Platanus occidentalis L. Muskingum 70.7 17.6 8.05 0.0002 
Black Elderberry Sambucus canadensis L. Muskingum 42.9 13.8 6.96 0.0086 
Black Walnut Juglans nigra L. Muskingum 41.7 20.6 8.80 0.0290 
Box Elder Acer negundo L. Muskingum 57.1 14.2 7.55 0.0012 
Broadleaf Dock Rumex obtusifolius L. Buckley 30.5 14.5 7.35 0.0356 
Common Burdock Arctium minus (Hill) Bernh. Buckley 33.3 13.4 6.85 0.0228 
Ground Ivy Glechoma hederacea L. Muskingum 57.0 34.2 8.50 0.0194 
Italian Perennial Rye Grass Lolium perenne L. Blennerhassett 37.5 17.8 8.29 0.0330 
Japanese Millet 
Echinochloa crus-galli var 
frumentacea P. Beauv. 
0 m 50.0 16.1 8.60 0.0092 
Jewelweed Impatiens capensis Meerb. Buckley 33.3 12.9 6.83 0.0224 
Kentucky Bluegrass Poa pratensis L. Buckley 54.7 28.2 10.63 0.0162 
Nodding Fescue Festuca subverticillata (Pers.) Muskingum 57.1 15.8 7.76 0.0016 
Spicebush Lindera benzoin L. Blume Muskingum 73.8 21.8 8.82 0.0004 
Violet Viola sp. L. Muskingum 77.8 28.6 9.60 0.0006 
Woody Debris - Muskingum 55.1 35.0 6.79 0.0078 




Table 5: Summary statistics for soil variables with means and standard errors (SE) analyzed by sites (Blennerhassett, Buckley, and 
Muskingum islands, West Virginia, USA), distances from bridge (0, 100, and 300 m), and interaction during the July 2008 sampling 













 SE  F2,26 P 




13.72a 1.12  1.18 0.323 




6.09a 0.37  1.85 0.178 




3.93a 0.39  0.88 0.427 




99.36a 3.59  2.42 0.109 




31.00a 1.48  0.14 0.873 




17.00b 2.69  6.97 0.004 




47.00b 2.18  16.54 < 0.001 




1,633.29a 281.68  2.08 0.146 




228.86a 39.27  2.35 0.116 




105.86b 18.85  5.69 0.009 




49.14b 12.63  25.64 < 0.001 




0.56a 0.05  1.87 0.174 




348.71a 7.68  2.24 0.138 




60.86a 4.32  3.34 0.051 




9.06a 0.66  8.86 0.001 




17.87b 3.23  10.11 0.001 




824.14a 17.42  4.88 0.016 




38.80 2.77  1.29 0.348 




2.00 0.64  0.29 0.749 
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1.52a 0.21  0.23 0.798  1.44 2.50 
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Figure 1: Location of 3 island study areas between kilometer markers 271.8 and 305.6 (mile 






Figure 2: A schematic of vegetation sampling effort within the 0.1 ha plots used for each transect 
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Construction of man-made objects such as roads and bridges can influence wildlife presence and 
abundance. We investigated waterbirds, songbirds, anurans, turtles, small mammals, and 
furbearers along the Ohio River, WV, USA at a new bridge crossing (Blennerhassett Island), a 
45-year old bridge (Buckley Island), and 1 or 2 islands with no bridge (Muskingum or Grape 
Island) and at 3 distances from the bridge or center point at each site (0 m, 100 m, and 300 m). 
Overall, 19 waterbird, 60 songbird, 7 anuran, 5 turtle, 9 small mammal, and 4 furbearer species 
were sampled. Great Blue Heron abundances were greater at Muskingum Island (P < 0.05).  
Songbird composition differed among the sites (P < 0.05) and between the transects under and 
away from the bridge (P < 0.05) with higher abundances of Rock Pigeon, Cliff Swallow, and 
European Starling under the bridges and lower abundances of total songbirds, Carolina 
Chickadee, Carolina Wren, and Common Yellowthroat under the bridges. Small mammal 
abundance, richness, and diversity and abundances of Peromysucs spp. were lower under the 
new bridge (P < 0.05) compared to other sites and distances. Raccoon presence was lower under 
the new bridge than at other sites and distances from the bridge (P < 0.05). No other wildlife 
sampled had altered numbers correlated to bridges. Other differences between wildlife taxa 
studied were contributed to natural variation in abundances and cover types among islands. We 
conclude that the Blennerhassett Island Bridge is causing impacts to Great Blue Herons due to 
noise and presence of the bridge and minor short-term impacts to songbirds and small mammals 
directly under the bridge only in the form of habitat conversion, fragmentation, and loss due to 






Humans today are affecting natural ecosystems at extraordinary rates through conversion of 
land and resource consumption (Turner et al. 1991), alteration of habitat and species composition 
(McKinney 2002), disruption of hydrological processes (Arnold and Gibbons 1996), and 
modification of energy flow and nutrient cycles (Grimm et al. 2000). Since the 1940s, the human 
population of the United States has become increasingly urbanized (Adams 1994). Urbanization 
dramatically alters landscapes through habitat fragmentation and increased human presence 
(Prange et al. 2004). Urbanization and the construction of roads and bridges can alter wildlife 
habitat, and is cited as the second most frequent cause of species endangerment, behind 
agriculture, in the United States (Czech and Krausman 1997). Construction of these man-made 
objects may have temporary or permanent effects on wildlife and vegetation. Historically, 
relatively few published studies have evaluated these effects. Recently, more attention has been 
directed toward the effects of bridges and roads upon wildlife and vegetation (e.g., Forman et al. 
2003). 
Bridges can potentially affect mammals, birds, amphibians, and reptiles either positively, 
negatively, or have no effect depending on species or location. Bridges have positive effects on 
wildlife by providing habitat for nesting, roosting, and resting as well as providing corridors for 
movement. Petrochelidon pyrrhonota Vieillott (Cliff Swallows) and Hirundo rustica Linnaeus 
(Barn Swallows) are species that use bridges for nesting and perching (Redmond and Murphy 
2007, Tumlison 2009). Additionally, Falco peregrinus Tunstall (Peregrine Falcons) have been 
well documented as using bridges and skyscrapers for nesting sites and hunting perches (Bell et 
al. 1996, Cade and Bird 1990, Tordoff and Redig 1988). Other research shows that bridges 
provide roosting and resting habitat for bats (Bennett et al. 2008). Edge created by roads and 
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bridges may provide habitat for songbirds and increase their population (Clark and Karr 1979). 
Also, creation of bridges can serve as movement corridors for Canis latrans Say (Coyotes) 
(Sacks et al. 2006). 
There is a lack of published literature on the ecological impacts of bridges on wildlife. 
However, the presence of a bridge may have direct negative impacts on wildlife similar to those 
of highway impacts which have been studied in much greater detail. Some of these negative 
impacts include: increased mortality from vehicle collisions (Haxton 2000, Hubbard et al. 2000), 
noise (Breeden et al. 2008), barrier effects (Noss et al. 1996), and attraction of undesirable or 
non-native species (Vankat and Roy 2002). Bridges and highways also can impact the landscape 
causing habitat fragmentation (Trombulak and Frissell 2000), habitat loss (Forman 2000), and 
habitat alteration (Rowland et al. 2000) which in turn are negative for some wildlife. This can 
lead to species declines and disruption of continuous population distributions (Vos and Chardon 
1998), limit movements (Andrews et al. 2005), and cause potential genetic problems 
(Lesbarreres et al. 2006). 
The purpose of this study was to evaluate the short-term impacts and effects of the 
Blennerhassett Island Bridge as it crosses over the Ohio River and Blennerhassett Island near 
Parkersburg, West Virginia, USA. The Blennerhassett Island Bridge is a tied-arch style single-
span bridge (GoBridges 2009) about 1,220 m in length and about 24 m above the island and 
water with 3 piers on the island. Construction of the bridge began in May 2005 and it was 
opened to the public 13 June 2008. This study investigated waterbird, songbird, anuran, turtle, 
small mammal, and furbearer relative abundance and compared results to 2 other islands (1 with 
an old bridge crossing and 1 with no bridge crossing) and also at 0, 100, and 300 m from the 
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bridge. Comparisons for anurans and turtles also were made to an additional island with no 
bridge crossing.  
Waterbirds, songbirds, anurans, turtles, small mammals, and furbearers were all chosen for 
this study as each could serve as indicators of sensitivity to the bridge. Waterbird abundances 
and songbird communities are highly influenced by changes in vegetative structure and land use 
following a disturbance (Burris and Haney 2005, Morissette et al. 2002, Rosa et al. 2003). 
Anurans also are commonly depicted as ecologically sensitive to anthropogenic disturbance 
(Price et al. 2007) and may be excellent indicators of environmental health (DeGarady and 
Halbrook 2006). Small mammals, furbearers, and turtles, however, are generally depicted as 
tolerant to urbanization and anthropogenic changes in the landscape (Kaminski et al. 2007, 
Plummer et al. 2008).  
 
Study Area 
This study was conducted along the Ohio River in Wood County and Pleasants County, West 
Virginia and Washington County, Ohio, USA. There were 4 sites (Blennerhassett Island, 
Buckley Island, Muskingum Island, and Grape Island) (Appendix 1) and surveys were conducted 
on both the islands and the adjacent mainland. Blennerhassett and Buckley both have bridge 
crossings, while Muskingum and Grape do not and one or the other were used as control sites for 
some surveys. These islands occur between km markers 244.0 and 305.6 (mi markers 151.6 and 
189.9). Blennerhassett, Buckley, and Muskingum are located in the Belleville Navigational Pool, 
while Grape Island is located in the Willow Island Navigational Pool (Tolin and Schettig 1983).  
Blennerhassett Island is owned by Dupont Corporation and is leased to the state of West 
Virginia as a state historical park. Buckley, Muskingum, and Grape islands are owned by the 
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U.S. Fish and Wildlife Service and are part of the Ohio River Islands National Wildlife Refuge 
(United States Fish and Wildlife Service 2000). Precipitation occurs throughout the year, totaling 
about 106 cm/year (Idcide West Virginia Weather 2010). The elevation of the study areas ranges 
from 184-198 m in elevation (Idcide West Virginia City Data 2010). The primary cover types for 
these islands are: bottomland hardwood forest, late old-field, and early old-field (Tolin and 
Schettig 1983). Additionally, both Blennerhassett and Grape islands contain a palustrine 
unconsolidated bottom wetland. All islands in this study area have been historically used for 
agriculture and the river channels around them may have been historically dredged (Tolin and 
Schettig 1983). The adjacent mainland has been characterized by disturbance from urbanization, 
agriculture, commercial development, and industrial expansion.  
The Ohio River islands support a variety of mammals, birds, amphibians, and reptiles. Both 
back and main channels of Ohio River islands provide critical riparian wildlife habitat for many 
species of birds, aquatic mammals, frogs, and turtles (Zadnik et al. 2009). There are 193 avian, 
25 mammalian, and 15 species of amphibians and reptiles documented on the Ohio River islands 
(United States Fish and Wildlife Service 2000). Of the 193 bird species, 143 are passerines 
(Sacilotto 2003). Other bird groups common to the islands include waterfowl, wading birds, 
shorebirds, and raptors. Mammalian groups common to the islands include Odocoileus 
virginianus Zimmermann (White-tailed Deer), aquatic furbearing mammals, carnivores, and 
small mammals (United States Fish and Wildlife Service 2000). Amphibian and reptile species 
are constricted to more aquatic groups such as frogs and turtles (United States Fish and Wildlife 
Service 2002). Thirty-eight mussel species and over 100 species of warm water fishes have been 
identified around the islands in the upper Ohio River. Additionally, 3 federally listed species 
occur in the area, Myotis sodalis Miller and Allen (Indiana bat), Lampsilis orbiculata Hildreth 
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(Pink Mucket Pearly Mussel), and Cyprogenia stegaria Rafinesque (Fanshell Mussel), and 2 





Waterbirds, songbirds, anurans, turtles, small mammals, and furbearers were sampled at 
Blennerhassett Island (new Rt. 50 bridge), Buckley Island (existing I-77 bridge), and 
Muskingum Island (no bridge) (Appendix 1). Anurans and turtles were sampled at Grape Island 
(no bridge) due to the presence of a wetland, but due to the island’s small size, other taxa were 
not sampled. Songbirds, anurans, small mammals, and furbearers were sampled along 100 m 
transects placed under the bridge or island center (0), and at 100 and 300 m from the central 
transect with transects starting at the shorelines on both sides of the bridge on the mainland and 
on the island. Ideally our study would have had transects on the island as well as on the West 
Virginia and Ohio mainland (n = 20 at each site). Because of site constraints (e.g., size of island, 
industry, agriculture, rock quarry, commercial and residential development) only 37 of the 80 
proposed transects among the 4 sites could be sampled for all taxa except turtles: Blennerhassett 
Island (n = 15), Buckley Island (n = 12), Muskingum Island (n = 7), and Grape Island (n = 3). 
Because turtle trapping occurred at the terminal ends of the transects in the main river, all 20 
transects could be sampled at each site. Additionally, turtle trapping was conducted in the slough 
on Blennerhassett Island, and was planned in the slough on Grape; however, water levels were 
not deep enough to trap. This provided 85 trap locations for turtles (n = 25 at Blennerhassett, n = 
20 at Buckley, n = 20 at Muskingum, and n = 20 at Grape). Comparisons were made among sites 
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(waterbirds, songbirds, anurans, small mammals, furbearers, mortality) and/or distance from 
bridge (songbirds, anurans, turtles, small mammals, and furbearers).  
 
Waterbirds 
Waterbird surveys were conducted by a single observer during 90 minute complete scan 
counts while sitting on the mainland facing the island and monitoring the river, air, riparian 
zones, and part of the island in a 39.25 ha area (semicircle with a 500 m radius from the 
observation point) using 8 × 42 power binoculars and a 15 to 60 power, 60 mm zoom, Bausch 
and Lomb® spotting scope. Surveys were conducted from 1 hour before sunset to 30 minutes 
after sunset (dusk) and then 30 minutes before sunrise to 1 hour after sunrise (dawn) at the same 
location the following morning (Burger 2001). The dusk survey and the dawn survey the 
following morning were combined into one single survey and the maximum count for each 
species between the two times was used. During these counts, all waterbirds observed were 
enumerated and recorded (Heusmann and Sauer 2000, Lougheed and Breault 1999) and flyovers 
were categorized by whether the individuals flew over or under bridge. Waterbirds were 
considered waterfowl, seabirds, shorebirds, wading birds, and Megaceryle alcyon Linnaeus 
(Belted Kingfishers) (Weller 1999). The distance from the observer to the bird was measured 
with a Nikon Laser™ 1200 7 × 25 power range finder to make accurate estimations on whether 
the birds were within the 39.25 ha area.  
Dusk and dawn surveys were conducted from the West Virginia mainland once a month and 
then from the Ohio mainland later in the month because each side of the island had a different 
39.25 ha area to be surveyed and to ensure the entire river channel around the island was 
surveyed monthly. Observation points were placed at suitable locations with clear viewing of the 
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river, air, riparian zones, and the bridge (where applicable), but were not correlated to transects. 
Counts were not recorded if the wind speeds exceeded 16 km/hr or during high flow conditions 
and were made up at the next available time (Best et al. 1997). Surveys were completed by 
individuals trained in bird identification and distance estimation. Counts were conducted twice a 
month during October, November, and December 2007 and 2008, as well as March, April, and 
May 2008 and 2009. 
Waterbird abundance (number/39.25 ha plot) of combined waterbirds and those species 
representing 2% or more of detections, species richness, and Shannon Diversity Index (SDI) 
(dependent variables) were rank transformed (Conover and Iman 1981) and compared among 
sites (independent variable) using a repeated measures single-factor analysis of variance 
(ANOVA) with an alpha level of 0.05. A Tukey’s honest significance difference multiple 
comparison post hoc test was used for pairwise comparisons of significant variables. Flyovers 
were excluded from analyses. For the islands with bridges, data on whether the birds flew over or 
under the bridge also were summarized to investigate response to bridge. 
 
Songbirds 
Breeding bird surveys for songbirds were conducted along each of the 100 m transects using 
the dependent double observer method (Forcey et al. 2006). This method involved 2 observers 
recording data together on a single data sheet with 1 observer designed as the primary observer 
and the other designated as the secondary observer. The primary observer verbally dictated the 
number of each species detected while the secondary observer recorded the information. The 
secondary observer also recorded birds that the primary observer did not detect (Forcey et al. 
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2006, Nichols et al. 2000). This technique was not used to calculate detection probabilities due to 
low number of observations, but to verify accuracy of species identifications and counts.  
Songbirds were sampled by walking along each transect for a total of 15 minutes each, 
pausing to identify and record all birds observed or heard (Er et al. 2003). Only songbirds 
detected within a 1 ha area (≤ 50 m perpendicular to the transect) were included in transect data. 
Those species detected outside or as flyovers were recorded but not included in any estimates. 
There were 3 scheduled stops of 3 minutes each at the beginning, middle, and end of each 
transect. The species, sex, age, and estimated distance of all birds detected by sight and sound 
was recorded (Smith et al. 2005). Estimated distances were recorded perpendicular to the 
transect using a Nikon Laser™ 1200 7 × 25 power range finder. Surveys were conducted from 
0600 to 1000 (Rodewald and Smith 1998), but were not conducted during rainy or windy 
weather (Freeman et al. 2007). Surveys were completed by individuals trained in bird 
identification and distance estimation. Surveys were conducted during the breeding season in 
May and June 2008 and 2009. 
Songbird abundance (individuals/ha) for all species combined and for any species 
representing 2% or more of observations, species richness, and SDI (dependent variables) were 
rank transformed (Conover and Iman 1981) and compared by site, distance, and the interaction 
term (independent variables) using a repeated measures 2-way ANOVA (α = 0.05). Because the 
levels of distance had no physical meaning for Muskingum, a partial analysis was conducted to 
examine distance only for Blennerhassett and Buckley islands. In the case where there was no 
significant interaction, a contrast for the effect of distance pooled across both islands was 
estimated and, if necessary, follow up pairwise comparisons between levels of distance were 
estimated. If there was a significant interaction, then the effect of distance was examined for the 
81 
 
2 islands on an individual basis (i.e., a simple effects analysis). A model allowing for 
heterogeneous variance was fitted for all variables due to nonconstant variance. Residual 
diagnostics were then used to verify the assumptions of the model. The test of interaction was 
done using untransformed data to obtain a more approximate analysis (Conover 1999). When 
subsequently testing main effects or contrasts, rank transformed data were used. 
We initially evaluated the uniqueness of species composition was evaluated by site and 
distance from bridge (independent variables) by PERMANOVA (Anderson 2001) using the 
Vegan package in Program R. A subsequent one at a time analysis was done using multi-
response permutation procedures (MRPP) in PC-ORD version 5.10 software (McCune and 
Mefford 1999). MRPP is a non-parametric multivariate procedure for testing the hypothesis of 
no differences in species composition of 2 or more a priori groups of plots (McCune et al. 2002). 
For these analyses, all species that occurred less than 3 times were deleted. Individuals/ha 
(dependent variable) were calculated for abundance data and were relativized using a general 
column relativization. A Sorensen (Bray-Curtis) distance measure was used with a rank 
transformed distance matrix and an alpha level of 0.05.  A Sorensen community similarity index, 
which compares pairwise similarities, was used to evaluate songbird overlap among sites and 
distances.  
Lastly, the affinity of species occurrence by site and by distance from bridge were calculated 
using indicator species analysis (Dufrene and Legendre 1997). Indicator species analysis 
combines information on the species abundance at a particular treatment and the faithfulness of 
occurrence of a species at a particular treatment (Rentch et al. 2005). First, an indicator value for 
each species was calculated with a value between 0 and 100. A value of 0 showed no indication 
(i.e., no association) of the species and a value of 100 showed perfect indication of the species. 
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Second, the statistical significance of the highest indicator value (IVmax) for each species was 
tested using a Monte Carlo test using 4,999 permutations with an alpha level set at 0.05. 
 
Anurans 
Anuran communities were evaluated using nocturnal call count surveys to evaluate species 
and relative abundance (Balcombe et al. 2005). To account for temporal breeding differences 
among species, surveys were conducted over 3 periods (period 1: 25 February-25 March 2008 
and 2009, period 2: 8 April-6 May 2008 and 2009, and period 3: 27 May-June 24 2008 and 
2009) based on recommended temperature ranges for different survey periods (period 1: ≥ 5.6 
°C, period 2: ≥ 10 °C, period 3: ≥ 12.8 °C) (Balcombe et al. 2005). Surveys were conducted 
between 30 minutes after sunset to midnight because calling activity is generally greater before 
midnight (Zimmerman 1991). Surveys were conducted along the 100 m transects by slowly 
walking each transect for 15 minutes with 3 scheduled stops of 3 minutes (Kimberly and 
Bouchard 2006) at the beginning, middle, and end of each transect. There was a 1-2 minute 
settling period for disturbance caused while walking to the transects before surveys began.  
Anurans were identified to species and abundances were evaluated by assigning a Wisconsin 
Index (WI) value of intensity of each species’ call (Mossman 1994). The WI ranked species from 
0-3 based on overlap of calls and determination of individuals. A value of 0 indicated that no 
individuals of that species were heard. A value of 1 indicated that calling individuals could be 
counted and there were no overlapping calls. A value of 2 indicated that calls could be 
distinguished but there was some overlap. A value of 3 indicated a full chorus with continuous 
calling and overlapping calls. For values of 1 or 2, the number of calling individuals was 
estimated. If a WI value of 3 was assigned to a species, a mandatory abundance estimate of 50 
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was used (Balcombe et al. 2005). The date, time, temperature, and weather conditions were 
recorded before each survey. Surveys were not conducted if winds exceeded 20 km/hr or if 
temperatures were below the minimum for each period. Estimated distance from the transect to 
the calling anurans also was recorded and mapped to lessen the chances of double-counting 
(Burnham et al. 1985). Surveys were conducted by individuals trained in anuran identification 
and distance estimation.  
Combined anuran abundances, combined call index codes (CIC), abundances and CIC of 
those species representing 2% or more of all detections, species richness, and SDI (dependent 
variables) were rank transformed (Conover and Iman 1981) and compared among sites and 
distances (independent variables) using a single-factor ANOVA with an alpha level of 0.05. Due 
to anurans not being detected at Buckley or Muskingum, only Blennerhassett and Grape were 
used in analyses. Site comparisons for Blennerhassett and Grape used transects only in which 
anurans were detected. Because Grape did not have sufficient distances, distance comparisons 
were made only at Blennerhassett. 
 
Turtles 
Turtle trapping was conducted using turtle hoop nets (Rizkalla and Swihart 2006). Hoop nets 
were nylon, 1.5 m long × 0.9 m diameter with 5 cm mesh (Memphis Net and Twine Company, 
Inc., Memphis, TN). Traps were baited each day with chopped fish (either canned or frozen) 
contained in nylon mesh bags and suspended from the center hoop of each trap (Zadnik et al. 
2009). If possible, traps were placed in areas suitable for turtles such as sand or gravel bars, areas 
of emergent vegetation, or areas of woody debris (Ernst et al. 1994). Traps were set for 3 
consecutive nights and checked each morning. A trap night was considered as 1 trap found 
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completely intact the day after being set (Zadnik et al. 2009). Traps with bait missing also were 
considered as 1 trap night, since the opportunity to capture a turtle by scent remained. A trap 
found with a hole torn in it ≤ 18 cm in diameter was considered 0.5 trap night, since the potential 
to capture larger turtles (> 18 cm carapace width) remained. Missing traps, those found to be 
collapsed, and those with holes > 18 cm were all considered 0 trap nights (Zadnik et al. 2009). 
All turtles captured were identified, measured, weighed, and released at the capture site. Hard-
shell turtles were marked by shell notching (Cagle 1939), and softshell turtles were marked along 
the edge of the carapace using a leather punch (Breckenridge 1955). Turtle trapping was 
conducted during July and August 2008 and June and July 2009. 
Turtle relative abundance (captures/100 trap nights) for combined turtles and any species 
representing 2% or more of all captures, species richness, and SDI (dependent variables) were 
rank transformed (Conover and Iman 1981) and compared among sites, distances, and the 
interaction term (independent variables) using a 2-way ANOVA with an alpha level of 0.05 and 
proceded in the same fashion as the songbird analysis with a partial analysis for distance using 
only Blennerhassett and Buckley islands. Data were combined over each 3 day trapping interval 
and over the 3 trapping periods for each individual trap giving each trap a potential of 9 trap 




Small mammal trapping was conducted by using Sherman live traps (small folding 
galvanized, 5 × 6.4 × 16.5 cm; H. B. Sherman Traps, Tallahassee, FL) to capture small mammals 
such as mice, voles, moles, chipmunks, and shrews. Sherman traps were placed along the 100 m 
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transects at 10 stations located 10 m apart (Pearson and Ruggiero 2003). Three Sherman live 
traps were set at each station. Each trap was baited with a peanut butter rolled oats mixture 
wrapped with wax paper (Edalgo and Anderson 2007). Traps were set and opened for 3 
consecutive nights (Yunger and Randa 1999) and were checked each morning. We deduced 0.5 
trap nights for each trap tripped without a capture (Beauvais and Buskirk 1999, Edalgo and 
Anderson 2007). Corresponding transects of each site were trapped simultaneously to account 
for temporal variation. Each mouse, vole, chipmunk, rat, or squirrel captured was ear-tagged 
with a #1005-1 monel ear tag (National Band and Tag Company, Newport, Kentucky, 41072-
0430) and shrews were toe-clipped for identification (Menzel et al. 1999, Silvy et al. 2005). 
Other information such as trap location, species, new or recapture, age, gender, mass, and 
reproductive condition also were recorded (Converse et al. 2006). Small mammal trapping was 
conducted during May, June, and July 2008 and 2009. 
Small mammal relative abundance (captures/100 trap nights) of combined small mammal 
captures and individual species representing at least 2% of total captures, species richness, and 
SDI (dependent variables) were rank transformed (Conover and Iman 1981) and compared by 
site, distance, and the interaction term (independent variables) using a repeated measures 2-way 
ANOVA (α = 0.05) in the same fashion as the songbird and turtle analyses. Abundance data 
were combined over each 3 night interval as 1 total trapping period. Peromyscus maniculatus 
Wagner (Deer Mouse) and Peromyscus leucopus Rafinesque (White-footed Mouse) were 
combined into a single species (Peromyscus spp. Gloger) to account for identification biases 
(Osbourne et al. 2005). Mean mass (g) and proportion of males, adults, and reproductive females 
were calculated for Peromyscus spp. and compared by a 2-way ANOVA (α = 0.05) with a 
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weighted least squares model. This was conducted for Peromyscus spp. but not for other species 
due to low captures. All recaptures were excluded from analyses. 
 
Furbearers 
Scent stations were constructed and monitored to measure medium-sized mammals, 
carnivores, and large rodent occurrence (Akins et al. 2004). Scent stations were established along 
the river banks at the terminal end of each transect. Scent stations were 1 m × 1 m and made 
from scraped, sifted, and smoothed alluvial soil at a depth of 3-5 cm to make tracks more visible. 
Scent stations were baited with a fatty acid scent tablet placed in the center of the station (Helon 
et al. 2002). Stations were operated for 3 consecutive nights (Randa and Yunger 2006) and 
checked every morning (Sargeant et al. 1998). Identification of all animals investigating the 
scent station was made by the tracks left in the scent station. Scent stations were monitored in 
conjunction with small mammal traps during May, June, and July 2008 and 2009. 
Scent station data for furbearers were analyzed based on presence or absence by G-tests of 
independence with William’s correction factor. Data were combined for each scent station over 
the 3 consecutive nights each station was operated and over the 6 survey periods in 2 years. Data 
were then combined by distance for each site. Analyses were run for all furbearer species 
combined (whether any furbearer tracks were present) and for each individual species 
representing 2% or more of furbearer species identified. Analyses compared both site and 
distance from bridge by combining total presences and absences for each site or distance. Each 
adjusted G-statistic was tested and an alpha level of 0.05 was set. Pair wise comparisons (among 
sites or distances) of significant tests were analyzed similarly. Transects at Muskingum Island 




Wildlife mortality surveys recorded all road-killed fauna under, on, around, and within a 
distance of 200 m from the bridge along the highway. Surveys were conducted by slowly driving 
(< 48.3 km/hr or 30.0 mi/hr) or walking along the road or bridge and recording all road-killed 
species and the total number of each (Bard et al. 2002). Larger animals were marked with orange 
spray paint to ensure that they were not counted in future surveys. Multiple animals found 
together were noted. Mortality surveys began in October 2007 and were conducted once a month 




A total of 19 waterbird species (n = 11 at Blennerhassett, n = 8 at Buckley, and n = 17 at 
Muskingum) was observed during surveys (Appendix 9). Additionally, 15 other waterbird 
species were observed within the study area but not during survey hours (Appendix 10). 
Combined waterbird abundance (individuals/39.25 ha plot) was not significantly higher at 
Blennerhassett compared to Buckley or Muskingum although Blennerhassett had 4 times as 
many waterbirds as Buckley (Table 1).  
Only Branta canadensis Linnaeus (Canada Goose) (n = 1,007, 73.6%), Phalacrocorax 
auritus Lesson (Double-crested Cormorant) (n = 28, 2.1%), Ardea herodias Linnaeaus (Great 
Blue Heron) (n = 36, 2.6%), Anas platyrhynchos Linnaeus (Mallard) (n = 124, 9.1%), and Aix 
sponsa Linnaeaus (Wood Duck) (n = 54, 3.9%) had enough observations to analyze separately. 
Canada Goose, Double-crested Cormorant, and Wood Duck abundances did not differ 
significantly among sites (Table 1). Great Blue Heron abundances were greater at Muskingum 
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than at Blennerhassett or Buckley, which were similar (Table 1). Mallard abundances were 
similar between Blennerhassett and Muskingum, but were significantly lower at Buckley (Table 
1).  
Overall species richness was significantly lower at Buckley than the other 2 sites (Table 1). 
Overall SDI differed among all 3 sites with Muskingum having the highest diversity and Buckley 
having the lowest (Table 1). At Blennerhassett, 185 of 239 (77.4%) observations of waterbirds 
flew over the bridge and 54 of 239 (22.6%) flew under the bridge. At Buckley, 138 of 191 




Songbird surveys detected a total of 60 species (n = 48 at Blennerhassett, n = 53 at Buckley, 
and n = 42 at Muskingum) (Appendix 11). Combined songbird abundance (individuals/ha) had a 
significant interaction between sites and distances due to the 0 m transects at Blennerhassett 
differing from the 100 and 300 m transects at Blennerhassett and the 0 m transects at Buckley 
and Muskingum (Appendix 12). A total of 17 species resulted in enough observations to analyze 
separately by sites and distances (Table 2). Three of these species had a significant site by 
distance interaction with Poecile carolinensis Audubon (Carolina Chickadee) having higher 
abundances at the 0 m transect at Muskingum than at the 0 m transects at Blennerhassett and 
Buckley, while Troglodytes aedon Vieillot (House Wren) had higher abundances at the 0 m 
transects at Blennerhassett compared to the 0 m transects at Buckley and Muskingum, and 
Columba livia Gmelin (Rock Pigeon) was only found at the 0 m transects at Blennerhassett and 
Buckley causing an interaction and indicating an overall bridge effect (Appendix 12). 
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Seven species significantly differed by sites. Agelaius phoeniceus Linnaeus (Red-winged 
Blackbird) and Melospiza melodia Wilson (Song Sparrow) were higher at Blennerhassett, 
Dumetella carolinensis Linnaeus (Gray Catbird) and Vireo olivaceus Linnaeus (Red-eyed Vireo) 
were lower at Blennerhassett, Thryothorus ludovicianus Latham (Carolina Wren) and 
Baeolophus bicolor Linnaeus (Tufted Titmouse) were higher at Muskingum, and Sturnus 
vulgaris Linnaeus (European Starling) and Dendroica petechia Linnaeus (Yellow Warbler) were 
higher at Buckley (Table 2). Three species significantly differed by distances. Geothlypis trichas 
Linnaeus (Common Yellowthroat) and Carolina Wren were lower at 0 m transects and European 
Starling was higher at 0 m transects (Table 2). 
No other species significantly differed among sites, distances, or interaction. This included: 
Spinus tristis Linnaeus (American Goldfinch), Turdus migratorius Linnaeus (American Robin), 
Passerina cyanea Linnaeus (Indigo Bunting), Zenaida macroura Linnaeus (Mourning Dove), 
and Cardinalis cardinalis Linnaeus (Northern Cardinal) (Table 2). Overall species richness and 
SDI were higher at Muskingum than at Blennerhassett or Buckley; however, there was no 
distance or interaction effect (Table 2).  
All species that occurred less than 3 times were removed from the total species composition 
matrix reducing the 60 to 46 for the site analysis and 44 for the distance analysis for MRPP 
(Appendix 11). Results of the PERMANOVA showed no evidence of a site by distance 
interaction (F4,25 = 0.98, P = 0.53). Results of the MRPP suggest that all 3 islands have different 
songbird communities and that the 0 m transects have significantly different songbird 
communities than 100 m and 300 m transects (Table 3). The Sorensen community similarity 
index comparing songbird composition among sites and distances further indicated different 
communities (Table 3).  
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Results from indicator species analysis suggest certain species were more likely to occur on 
particular sites and at particular distances from bridge. One species (Song Sparrow) was 
indicative of Blennerhassett, 1 species (Carpodacus mexicanus Muller (House Finch)) was 
indicative of Buckley, and 12 species (Cyanocitta cristata Linnaeus (Blue Jay), Polioptila 
caerulea Linnaeus (Blue-gray Gnatcatcher), Carolina Chickadee, Picoides pubescens Linnaeus 
(Downy Woodpecker), Pipilo erythrophthalmus Linnaeus (Eastern Towhee), Indigo Bunting, 
Northern Cardinal, Melanerpes carolinus Linnaeus (Red-bellied Woodpecker), Red-eyed Vireo, 
Tufted Titmouse, Sitta carolinensis Latham (White-breasted Nuthatch), and Hylocichla 
mustelina Gmelin (Wood Thrush)) were indicative of Muskingum (Table 4). Two species 




A total of 7 anuran species were detected at Blennerhassett Island and 5 anuran species at 
Grape Island. Species detected were Pseudacris crucifer Wied-Neuwied (Spring Peeper), 
Anaxyrus fowleri Hinckley (Fowler’s Toad), Anaxyrus americanus americanus Holbrook 
(Eastern American Toad), Lithobates catesbeianus Shaw (American Bullfrog), Hyla chrysoscelis 
Cope (Cope’s Gray Tree Frog), Lithobates palustris LeConte (Pickerel Frog), and Lithobates 
clamitans melanota Rafinesque (Northern Green Frog). Only observations of Spring Peeper (n = 
674, 88.5%), Cope’s Gray Tree Frog (n = 39, 5.1%), American Bullfrog (n = 19, 2.5%), and 
Northern Green Frog (n = 18, 2.4%) resulted in enough detections to analyze separately. 
Combined anuran abundances (individuals/transect) were similar between Blennerhassett and 
Grape islands and at 0, 100, and 300 m transects (Table 5). Likewise, Spring Peeper, American 
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Bullfrog, Cope’s Gray Tree Frog, and Northern Green Frog abundances did not show significant 
difference between sites or among distances (Table 5). Call index codes for combined anurans 
also were similar between Blennerhassett and Grape and among 0, 100, and 300 m transects at 
Blennerhassett (Table 5). Similarly, Spring Peeper, American Bullfrog, Cope’s Gray Tree Frog, 
and Northern Green Frog call index codes did not differ between sites or among distances (Table 
5). Species richness and SDI also were similar between sites and among distances (Table 5). 
 
Turtles 
A total of 728 trap nights were attempted with 651 total trap nights after deductions. We had 
96 captures of 88 individuals from 5 species (Table 6). The five species of turtles captured were: 
Apalone spinifera spinifera Lesueur (Eastern Spiny Softshell), Chelydra serpentina Linnaeus 
(Common Snapping Turtle), Graptemys geographica Le Suer (Northern Map Turtle), Chrysemys 
picta marginata Agassiz (Midland Painted Turtle), and Sternotherus odoratus Latrielle 
(Stinkpot) (Appendix 13). Of these 88 individuals, a total of 11 Common Snapping Turtles and 4 
Midland Painted Turtles were captured in the slough on Blennerhassett Island. 
Combined abundances (captures/100 trap nights) were not different among sites, distances 
from the bridge, or by the interaction term (Table 7).  Eastern Spiny Softshell (n = 46, 52.3%), 
Common Snapping Turtle (n = 31, 35.2%), Northern Map Turtle (n = 6, 6.8%), and Midland 
Painted Turtle (n = 4, 4.5%) occurred in large enough numbers to analyze separately. Eastern 
Spiny Softshell, Common Snapping Turtle, and Northern Map Turtle abundances did not differ 
significantly among sites, distances, or by the interaction term (Table 7). Midland Painted Turtle 
abundances significantly differed among sites due to that species only being captured at 
Blennerhassett (Table 7). Species richness did not differ among sites, distances, or by the 
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interaction term (Table 7). SDI differed significantly among sites due to Blennerhassett and 
Grape differing from Buckley and Muskingum, but did not differ by distance, or by the 
interaction term (Table 7).  
 
Small Mammals 
A total of 16,448 trap nights were attempted with 14,625 total trap nights calculated after 
deductions yielding a total of 1,124 captures of 733 individuals (Table 6). A total of 9 small 
mammal species were encountered during trapping surveys (Appendix 14). Peromyscus spp. (n = 
495, 67.5%), Microtus pennsylvanicus Ord (Meadow Vole) (n = 183, 25.0%), and Tamias 
striatus Linnaeus (Eastern Chipmunk) (n = 24, 3.3%) occurred in enough observations to analyze 
separately. Three variables, Peromyscus spp., species richness, and SDI, had a significant 
interaction effect (Table 8). These 3 variables had a significant interaction effect due to the 0 m 
transects at Blennerhassett (Appendix 15) having lower abundances, richness, and diversity 
under the bridge compared to 100 and 300 m transects. Also, the 100 and 300 m transects at 
Blennerhassett differed from the 100 and 300 m transects at Buckley and Muskingum due to 
higher abundances, richness, and diversity at the 100 and 300 m transects at Blennerhassett 
(Appendix 15). 
Combined small mammal abundances differed significantly by distances due to lower 
abundances at the 0 m transects, but did not differ among sites or by the interaction term (Table 
8). Meadow Vole abundances differed by sites due to this species not being sampled at 
Muskingum, but did not differ among distances or by the interaction term (Table 8). Eastern 
Chipmunk abundances did not differ among sites, distances, or by the interaction term (Table 8). 
Mean mass, proportion of males, proportion of adults, and proportion of reproductive females, 
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showed no significant differences among sites, distances, or the interaction term for Peromyscus 
spp. (Table 9). 
 
Furbearers 
A total of 4 furbearer species were encountered in scent station surveys: Procyon lotor 
Linnaeus (Raccoon) representing 82.8% of all occurrences, Vulpes vulpes Linnaeus (Red Fox) 
representing 8.2%, Didelphis virginiana Kerr (Virginia Opossum) representing 7.5%, and Castor 
canadensis Kuhl (American Beaver) representing 1.5%. Occurrences of all furbearer species 
combined did not differ by site or by distance (Table 10). Raccoon occurrences differed by site 
and by distance (Table 10) with transects at 0 m at Blennerhassett having lower occurrences 
(Appendix 16). Red Fox occurrences differed by site (Table 10) with Blennerhassett having the 
highest occurrences (Appendix 17), but not by distance (Table 10). Virginia Opossum 
occurrences did not differ by site or by distance (Table 10). American Beaver occurrences were 
not tested due to too few observations. 
 
Mortality  
A total of 24 mortality surveys detected 13 individuals from 3 species between 2 of the 3 
sites. Blennerhassett Island had a total of 3 individuals (all Raccoons, n = 1 on the bridge and n = 
2 ≤ 200 m from the bridge along the highway). Buckley Island had a total of 10 individuals 
(Raccoon n = 3, Virginia Opossum n = 2, and White-tailed Deer n =5; n = 3 on the bridge, n = 5 
under the bridge, and n = 2 ≤ 200 m from the bridge along the highway). Mortality was not 
detected at the Muskingum Island site. Mortality totals were standardized by 
individuals/km/month. There were 3 observation of White-tailed Deer and 2 observations of 
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Raccoons found under the Buckley Island Bridge. These observations were from vehicular 
collisions on Waverly Road, which runs underneath of the Buckley Island Bridge and had no 
connection to the Buckley Island Bridge, and were therefore removed from the mortality 
standardization. Blennerhassett had an average mortality rate of 0.07 (SE = 0.04) 
individuals/km/month while Buckley had an average mortality rate of 0.15 (SE = 0.10) 
individuals/km/month. Because the Blennerhassett Island Bridge was not opened until June 
2008, 8 surveys were conducted at that site before the bridge was officially opened to the public. 
We removed these surveys from the analysis and found that mortality increased to 0.10 (SE = 




Of the 5 species analyzed, only Great Blue Heron and Mallard differed among sites. Great 
Blue Heron densities were 3.84 times higher at Muskingum than Blennerhassett and 13.67 times 
higher at Muskingum than Buckley. This could be attributed to Great Blue Herons being 
negatively impacted by the highway bridge crossings at the other 2 islands. Great Blue Herons 
prefer remoteness and lack of human disturbance (Gibbs et al. 1987, Short and Cooper 1985, 
Watts and Bradshaw 1994). Noise can disrupt heron breeding and nesting patterns (Grubb 1977). 
Additionally, Great Blue Heron nesting patterns and nest success can be altered by other human 
disturbances including: increased human presence, land development, and destruction of habitat 
(Parnell et al. 1988, Skagen et al. 2001, Vennesland and Butler 2004). Mallard abundance was 
lower at Buckley Island possibly indicating that over time bridges impact Mallards, but because 
Mallard abundances were similar at Blennerhassett and Muskingum, we believe the 
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Blennerhassett Island Bridge has no current impacts to Mallards. There was no evidence that the 
Blennerhassett Island Bridge caused negative impacts to abundances of any other waterbird 
species. 
We found waterbird species richness and diversity were lower at Buckley compared to the 
other 2 islands. This may be the result of the bridge at Buckley, but this is difficult to determine 
due to low abundances of the 6 species found only at Muskingum. Each of these species (Anas 
rubripes Brewster (American Black Duck), Chroicocephalus philadelphia Ord (Bonaparte’s 
Gull), Bucephala albeola Linnaeus (Bufflehead), Gavia immer Brunnich (Common Loon),  
Podiceps auritus Linnaeus (Horned Grebe), and Actitis macularia Linnaeus (Spotted Sandpiper)) 
represented less than 2% of all observations and did not provide enough representation for 
individual abundance comparisons. All 6 species are migratory, although American Black Duck 
is an uncommon nester in the study area, and Spotted Sandpiper is a late migrant usually arriving 
in early May (P. Morrison, U.S. Fish and Wildlife Service, Williamstown, WV, personal 
communication). Lower species richness and diversity at Buckley are more easily explained by 
natural variation in observations rather than from the presence of a bridge.  
Waterbirds do collide with bridges, which create barriers to movement and causes mortality 
and population declines (Bard et al. 2002). Our data, however, shows no indication that the 
bridge is a barrier or cause of mortality to waterbirds during diurnal time periods. Waterbirds 
more often flew over the bridge as opposed to under the bridge; however, waterbirds did not 
hesitate to fly under the bridge when flying low over the water. We had direct observations of 
many species including: Belted Kingfisher, Canada Goose, Double-crested Cormorant, Great 
Blue Heron, Mallard, Spotted Sandpiper, and Wood Duck flying under the bridge. The bridge 
does not seem to be a major barrier for waterbirds during flight, likely due to its relatively low 
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height (24 m above the surface). There were no observations or documentations of waterbirds 
colliding with the bridge during diurnal flight. 
 
Songbirds 
Our study indicates that the Blennerhassett Island Bridge has some, albeit minor impacts to 
songbirds that resulted in a decrease in overall songbird abundance and changes in species 
composition most likely due to the area directly under the bridge being highly disturbed and 
lacking woody vegetation. This effect was mostly due to the removal of all trees, snags, and 
coarse woody debris (Brawn et al. 2001, Lohr et al. 2002) and may be responsible for decreases 
in forest interior songbirds. Rock Pigeon, Cliff Swallow, and European Starling had high affinity 
for transects under bridges as these are all generalist species that use bridges and other man-
made structures for nesting, roosting, and perching (Peterson 2002, Tumlison 2009). House 
Wrens had high abundances under the Blennerhassett Island Bridge due to the placement of 
songbird nest boxes under the bridge after construction. 
Songbird species composition is closely related to habitat structure (Burris and Haney 2005, 
Karr and Roth 1971, Niemi and Hanowski 1984, Pearman 2002). Our study echoes this as 
songbirds observed were closely related to known habitat preferences with habitat generalist 
species using the areas directly under the bridges (Peterson 2002). Muskingum Island had higher 
species richness and diversity, different composition, and higher abundances of forest interior 
songbirds than the other 2 sites. This is largely due to all transects at Muskingum Island being 
located in bottomland hardwood forest (Appendix 4) which harbor high species richness of 
passerines (Kellison et al. 1998, Pashly and Barrow 1992, Wigley and Lancia 1998) while 
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transects at Blennerhassett (Appendix 2) and Buckley (Appendix 3) islands varied across cover 
types with transects in old-field habitat having lower species richness.  
Changes in songbird communities found in our study follows previously documented 
findings on the changes in species composition following a disturbance. Songbird communities 
vary among successional stages and forest types, and a diversity of landscapes maintains 
songbird diversity (Brawn et al. 2001, Kirk et al. 1996, Schieck et al. 1995). Community changes 
of songbirds similar to those under the bridge have been documented for many types of natural 
and anthropogenic disturbances including: fire (Morissette et al. 2002), blow downs (Burris and 
Haney 2005), timber harvests (Hobson and Schieck 1999, Niemi and Hanowski 1984), mowing 
(Zuckerberg and Vickery 2006), agriculture (Sutter and Brigham 1998), residential development 
(Germaine et al. 1998), and urbanization (Odell and Knight 2001).  
 
Anurans 
Anurans are commonly depicted as ecologically sensitive to anthropogenic disturbance 
(Kolozsvary and Swihart 1999, Price et al. 2007, Vitt et al. 1990, Willson and Dorcas 2003). 
However, we found anuran relative abundance and richness was not negatively impacted by the 
presence of a highway bridge over an island wetland complex. Anuran abundances, richness, and 
diversity were no different between a site with a large bridge crossing and a site without a bridge. 
Also, anuran abundances, richness, and diversity were no different at the different distances at 
Blennerhassett Island. Species were found calling throughout the wetland complex on the island 
and also in the wetland vegetation under the bridge on the West Virginia mainland. This 
indicates that the bridge had no negative effect on anuran relative abundance. CIC did not differ 
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between sites or among distances further indicating the Blennerhassett Island Bridge has no 
negative effect on abundance or richness.  
All anuran species encountered in this study had been previously documented on the Ohio 
River Islands National Wildlife Refuge (United States Fish and Wildlife Service 2002) and are 
common along the Ohio River (Green and Pauley 1987). Habitat was the determining factor of 
anuran presence (Dayton et al. 2004), and anuran abundance and richness in relation to the 
bridge indicated the bridge had no negative effect. Other research has indicated that anurans 
respond positively or neutrally to disturbance. Two endangered anuran species responded 
favorably or neutrally to ground disturbance on a military training area in Germany (Warren and 
Buttner 2008). Populations of anurans in floodplain wetlands were similar in abundance and 
richness compared to less dynamic wetlands not in floodplains (Henning and Schirato 2006). 
Also, anuran abundance and richness was stable at a suburban wildlife refuge despite large 
amounts of development in close proximity to wetlands (Brander et al. 2007).  
 
Turtles 
Turtles are tolerant of urbanization and anthropogenic changes in the landscape (Conner et al. 
2005, Marchand and Litvaitis 2004, Mitchell 1988, Plummer et al. 2008, Souza and Abe 2000). 
Our study indicated that turtle abundance and richness were no different among sites or at the 
different distances from the bridges indicating that the new bridge has no negative effect on these 
metrics. Additionally, the difference in diversity among sites had no attribution to the new 
bridge. Eastern Spiny Softshell and Common Snapping Turtle represented the majority of 
captures which compares to other studies on the Ohio River (Zadnik et al. 2009). Eastern Spiny 
Softshells were encountered only in the main river which coincides with habitat preferences for 
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this species (DonnerWright et al. 1999, Ernst et al. 1994, Zadnik et al. 2009). Common Snapping 
Turtles were found readily in the main river at each of the study islands and more frequently in 
back channels as opposed to main channels as previously indicated by Zadnik et al. (2009). We 
believe the Ohio River supports a large population of these 2 species around the study areas due 
to quality and quantity of habitat in the form of sand and gravel bars, emergent vegetation, and 
woody debris (Zadnik et al. 2009). 
The other 3 species (Northern Map Turtle, Midland Painted Turtle, and Stinkpot) were all 
encountered in low numbers. Each species is associated with slow bodies of water with soft 
bottoms and abundant basking sites (Green and Pauley 1987) which are plentiful around Ohio 
River islands and in the slough on Blennerhassett, and we do not believe the bridge is affecting 
their abundances. Aquatic turtles are disturbance tolerant animals unlike many other taxa of 
wildlife. Spiny Softshell turtle survival in Arkansas was not negatively affected when creek beds 
were bulldozed and woody debris was removed which decreased habitat quality and quantity 
(Plummer et al. 2008). Painted Turtle nesting ecology showed no changes with increases of 
human recreation at a major nesting beach (Bowen and Janzen 2008). Species of freshwater 
turtles, including those found in this study, persist following disturbances in the form of 
urbanization (Conner et al. 2005, Marchand and Litvaitis 2004, Mitchell 1988, Souza and Abe 
2000) and in some cases may even be more abundant in urban habitats than they are in more 
undisturbed natural areas (Gasith and Sidis 1984, Germano and Bury 2001, Lindeman 1996, 







Small mammals are typically depicted as disturbance tolerant (Elliot and Root 2006, 
Kaminski et al. 2007, Kirkland 1990, Root 1990). However, we found that combined small 
mammal abundance and abundances of Peromyscus spp. were lower under the new bridge 
indicating that it has negative impacts. Species richness and diversity also were lower under the 
new bridge compared to other distances indicating that the disturbance from construction of the 
bridge may result in a decrease in small mammal richness and diversity. We believe these 
impacts are due to the amount and type of vegetative cover (Silva and Prince 2008), and 
preferences of microhabitat by certain species (Castleberry et al. 2002, Dalmagro and Vieira 
2005, Lozanda and Guthman 1998). We suggest these impacts are temporary and that 
abundance, richness, and diversity under the bridge will increase to levels similar to other 
distances as shown at the older Buckley Island Bridge making it consistent with other studies 
following a disturbance (Campbell and Clark 1980, Hansson 1992, Martell 1983, Pagels et al. 
1992, Sullivan et al. 1999).  
Total abundances of small mammals were highest at Blennerhassett, which is most likely due 
to more quality, quantity, and diversity of habitat. Lack of grasslands, old fields, and brushy 
areas at Muskingum Island (Appendix 4) may be causing lower abundances (Barko et al. 2003), 
while possible reasons for lower abundance at Buckley Island include high numbers of Raccoons 
preying on small mammals (Okabe and Agetsuma 2007) or high intensity disturbance from 
agriculture, residential development, and urbanization. Also, all 3 sites may be experiencing 
variation due to cyclical fluctuations of small mammal populations (Elias et al. 2004, Getz et al. 
2006, Oli and Dobson 2001). 
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The vegetation under the new bridge was of low coverage and consisted of herbaceous, 
disturbance tolerant plants typically used for reclamation making it similar to roadsides (Rentch 
et al. 2005) and may be the reason why abundances, richness, and diversity was low. However, 
capture rates and diversity increased under the bridge as vegetative cover increased during the 
study. We hypothesize that the low abundances, richness, and diversity under the bridge is 
temporary and will increase as vegetative coverage increases. Also, there was only one detection 
of a small mammal moving from transect to transect at all of the sites (one Peromyscus spp. 
moved from a 100 m transect to a 0 m transect at Blennerhassett) possibly indicating that small 
mammal populations were impacted under the bridge during construction and are slowly 
increasing as habitat is restored.  
 
Furbearers 
We found that combined furbearer detections did not differ among sites or distances. 
However, 2 species, Raccoon and Red Fox, did vary. Raccoon detections were much lower at 0 
m transects at Blennerhasset. These impacts could possibly be from habitat fragmentation and 
loss, most notably disturbance of natural shorelines caused by construction of the bridge. 
However, increased urbanization and habitat modification and fragmentation result in higher 
Raccoon densities (Hoffman and Gottschang 1977, Owen et al. 2004, Riley et al. 1998). 
Raccoons respond well and use wildlife passages and underpasses (Foster and Humphrey 1995, 
Ng et al. 2004) and we assume they use the area under the bridge similarly. We hypothesize that 
Raccoons commonly frequent the area beneath the bridge, but may be patrolling around the 
wetland instead of the shorelines, thus avoiding our scent stations. Raccoon populations within 
the study area appear to be high due to high presence shown in scent station surveys, large 
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amounts of tampering of small mammal traps during small mammal trapping periods, abundant 
quality and quantity of habitat (proximity to water, proximity to urban areas, and multiple cover 
types), lack of hunting and minimal trapping on the islands, and abundant food sources (Beasley 
et al. 2007, Gehrt 2003, Oehler and Litvaitis 1996, Okabe and Agetsuma 2007). 
Red Fox occurrences were highest at Blennerhassett and this species did not occur at 
Muskingum which is the reason for variation among sites and indicates the new bridge has no 
negative impacts. Personal observations suggest Red Fox populations are high on Blennerhassett 
as this island has preferred habitats including: forest, open areas, and grasslands and mixed 
vegetation communities such as edge habitats and mixed scrub and woodland (Van Etten et al. 
2007, Weber and Meia 1996).  
 
Mortality  
Wildlife is threatened by highways and bridges due to the possibility of wildlife-vehicle 
collisions. Estimates range between 500,000 and 700,000 individuals are killed every year due to 
vehicle mortality (Romin and Bissonette 1996, Schwabe and Schuhmann 2002). For our study, 
mortality was documented at the 2 sites with bridges (Blennerhassett and Buckley), but not at the 
site that didn’t (Muskingum). All mortality was assumed to be from vehicles. There was no 
mortality found linked to collision with the bridge, though there was no way of detecting animals 
that may have fallen into the river. There was more mortality observed at Buckley as opposed to 
Blennerhassett, but mortality was still low. This may be due to the bridge at Buckley being open 
from the start of the surveys (October 2007), while the bridge at Blennerhassett wasn’t opened 
until June 2008. Therefore, there were 8 surveys conducted at Blennerhassett before the bridge 
was officially opened to the public, with no mortality found during these surveys. However, 
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mortality for Blennerhassett during the months it was open was only slightly higher. Mortality at 
both Blennerhassett and Buckley were distributed well between on the bridge and at distances 
less than 200 m from bridge along the highway.  
The presence of this highway bridge has the potential to lead to more wildlife mortality. We 
hypothesize that mortality rates at the Blennerhassett Island Bridge will increase to numbers 
similar to the Buckley Island Bridge as time passes. Wildlife use bridges to reconnect 
fragmented habitat and populations (Sacks et al. 2006), and it is believed that Raccoons, Virginia 
Opossums, and White-tailed Deer are using both bridges in this study to cross the river. This will 
increase the likelihood of vehicular mortality. It is estimated that more than 1.5 million deer-
vehicle collisions occur annually in the United States injuring 29,000 people and killing 200 
humans per year (Conover et al. 1995).  Similarly, Raccoons and Virginia Opossums are 
vulnerable to vehicular mortality (Kamler and Gipson 2004) and can lead to localized population 
declines in these species. 
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Table 1: Summary of waterbird variables (abundances in the form of individuals/39.25 ha plot) with their means and standard errors 
for Blennerhassett, Buckley, and Muskingum islands, West Virginia, USA for the 2007-2009 field seasons with same letters indicating 
no significance among sites (bolded means are significant at α = 0.05). 
 
Common Name Scientific Name 
Blennerhassett  Buckley  Muskingum    
 SE   SE   SE  F2,9 P 
Canada Goose Branta canadensis Linnaeus 28.59a 8.12  6.86a 2.46  10.32a 2.52  1.51 0.272 
Double-crested Cormorant Phalacrocorax auritus Lesson 0.09a 0.09  0.00a 0.00  1.18a 1.00  1.44 0.286 
Great Blue Heron Ardea herodias Linnaeus 0.32b 0.12  0.09b 0.06  1.23a 0.39  5.33 0.030 
Mallard Anas platyrhynchos Linnaeus 2.50a 0.81  0.64b 0.29  2.50a 0.57  5.24 0.031 
Wood Duck Aix sponsa Linnaeus 0.91a 0.35  0.91a 0.35  0.64a 0.30  0.58 0.579 
All Waterbirds  33.77a 7.99  8.82a 2.53  19.59a 4.20  3.38 0.080 
Species Richness  2.50a 0.31  1.31b 0.20  3.50a 0.35  5.54 0.027 




Table 2: Summary of songbird variables (abundances in the form of individuals/ha) with their means and standard errors for 
Blennerhassett, Buckley, and Muskingum islands, West Virginia, USA and at 0, 100, and 300 m from the bridge for the 2008-2009 
field seasons with same letters indicating no significance among sites or distances (bolded means are significant at α = 0.05). 
  
Common Name Scientific Name 










 SE  df F P 




0.42a 0.16  2, 54.6 1.41 0.254 




0.67a 0.20  2, 54.7 1.11 0.337 




1.13a 0.28  2, 56.0 17.36 < 0.001 




1.33b 0.14  2, 55.0 7.10 0.002 




0.33a 0.13  2, 53.6 2.27 0.114 




0.04a 0.04  2, 117.0 17.76 < 0.001 




1.50a 0.21  2, 117.0 8.32 < 0.001 




0.29b 0.13  2, 52.7 5.71 0.006 




0.96a 0.15  2, 117.0 2.82 0.063 




0.08a 0.06  2, 54.4 0.54 0.586 




1.21a 0.19  2, 55.3 2.91 0.063 




0.79a 0.13  2, 56.4 10.86 < 0.001 




0.21a 0.10  2, 50.7 4.56 0.015 




0.00c 0.00  2, 55.4 11.45 < 0.001 




1.83b 0.26  2, 54.5 6.32 0.003 




1.13a 0.23  2, 117.0 16.34 < 0.001 


















12.58a 0.67  2, 55.6 11.83 < 0.001 
































































































































Table 3: Summary statistics for multi-response permutation procedures for songbird strata for sites (Blennerhassett, Buckley, and 
Muskingum islands, West Virginia, USA) and distance from bridge (0, 100, and 300 m) during the 2008 and 2009 field seasons. Strata 
were grouped by site and distance. The T statistic is the weighted mean within-group distance, the A statistic is the chance-corrected 
within group agreement, and the P statistic is the P-value (α = 0.05). 
 





T A P 
Site 0.755 0.408 0.500 -6.70 0.184 < 0.001 
Blennerhassett vs. Buckley 0.851 . . -3.56 0.091 0.002 
Blennerhassett vs. Muskingum 0.844 . . -5.84 0.194 < 0.001 
Buckley vs. Muskingum 0.842 . . -4.83 0.157 < 0.001 
  
     
Distance 0.706 0.456 0.500 -2.38 0.088 0.016 
100m vs. 300m 0.875 . . 1.09 -0.035 0.877 
300m vs. 0m 0.776 . . -3.61 0.156 < 0.001 




Table 4: Species indicator values (IV) for each site (Blennerhassett, Buckley, and Muskingum islands, West Virginia, USA), distance 
(0, 100, and 300 m), and location (under or away from bridge (100 and 300 m transects combined)). P-values based on the proportion 
of randomized trials with expected IV > observed IV. Only species whose observed IV exceeds IV exp at P < 0.05 are shown; 4,999 
permutations were used in a Monte Carlo test. IV = 100 × (relative abundance × relative frequency). 
 
Common Name Scientific Name Site or Distance IVmax  SD P 
Blue Jay Cyanocitta cristata Linnaeus Muskingum 46.4 27.5 7.09 0.0178 
Blue-gray Gnatcatcher Polioptila caerulea Linnaeus Muskingum 53.9 31.4 6.76 0.0058 
Carolina Chickadee Poecile carolinensis Audubon Muskingum 66.6 35.1 7.32 0.0004 
Cliff Swallow Petrochelidon pyrrhonota Vieillot 0 m 50.0 14.9 8.02 0.0084 
Downy Woodpecker Picoides pubescens Linnaeus Muskingum 54.1 27.1 7.61 0.0066 
Eastern Towhee Pipilo erythrophthalmus Linnaeus Muskingum 83.8 25.6 8.09 0.0002 
House Finch Carpodacus mexicanus Muller Buckley 41.7 14.6 7.13 0.0042 
Indigo Bunting Passerina cyanea Linnaeus Muskingum 45.5 37.8 3.62 0.0322 
Northern Cardinal Cardinalis cardinalis Linnaeus Muskingum 45.9 37.2 4.45 0.0458 
Red-bellied Woodpecker Melanerpes carolinus Linnaeus Muskingum 56.4 26.2 7.79 0.0040 
Red-eyed Vireo Vireo olivaceus Linnaeus Muskingum 54.3 34.3 5.95 0.0028 
Rock Pigeon Columba livia Gmelin 0 m 100.0 20.1 9.12 0.0002 
Song Sparrow Melospiza melodia Wilson Blennerhassett 46.3 37.0 2.47 0.0004 
Tufted Titmouse Baeolophus bicolor Linnaeus Muskingum 71.0 35.5 6.66 0.0002 
White-breasted Nuthatch Sitta carolinensis Latham Muskingum 77.7 23.0 7.77 0.0002 




Table 5: Summary of anuran variables for Blennerhassett and Grape islands, West Virginia, USA and for 0, 100, and 300 m from the 
bridge at Blennerhassett including relative abundances (individuals/transect) and call index codes (Wisconsin Index 0-3) of anurans 
used in analyses as well as species richness and diversity for the 2008-2009 field seasons (none of the means differed significantly by 
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Table 5 Extended 










 SE  F2,31 P 
        

























19.82 7.27  0.36 0.701 
        

























1.82 0.50  0.36 0.698 
        










0.07 0.07  1.98 0.155 
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Table 6: Summary of turtle and small mammal trapping data for Blennerhassett, Buckley, Muskingum, and Grape islands, West 
Virginia, USA (averages in the form of captures/100 trap nights) for the 2008 and 2009 field seasons. 
 
Taxa Attempts Trap Nights Captures Recaptures Individuals Species  SE 
Turtles 
        Blennerhassett Island 210 200 42 2 40 4 19.00 3.77 
Buckley Island 167 133 14 1 13 4 9.92 3.46 
Muskingum Island 171 150 15 0 15 2 9.55 3.98 
Grape Island 180 168 25 5 20 2 11.69 2.74 
Totals 728 651 96 8 88 5 13.95 1.81 
Small Mammals 
        Blennerhassett Island 6,748 6,098.5 761 306 455 7 7.37 0.86 
Buckley Island 6,469 5,600.5 213 34 179 7 2.97 0.36 
Muskingum Island 3,231 2,925.5 150 51 99 4 3.35 0.49 




Table 7: Summary of turtle variables (abundances in the form of captures/100 trap nights) with their means and standard errors for 
Blennerhassett, Buckley, Muskingum, and Grape islands, West Virginia, USA and 0, 100, and 300 m from the bridge for the 2008 and 
2009 field seasons with same letters indicating no significance among sites or distances (bolded means are significant at α = 0.05). 
 
Common Name Scientific Name 














 SE    F3,72 P   






4.67a 1.32    0.73 0.537   






7.01a 2.27    2.06 0.114   






0.00a 0.00    0.59 0.624   






0.00a 0.00    2.75 0.049   

















0.80a 0.16    2.56 0.062   





























































0.07a 0.05  0.20 0.820  1.50 0.190 
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Table 8: Summary of small mammal variables (abundances in the form of captures/100 trap nights) for Blennerhassett, Buckley, and 
Muskingum islands, West Virginia, USA and 0, 100, and 300 m from the bridge for the 2008 and 2009 field seasons with same letters 
indicating no significance among sites or distances (bolded means are significant at α = 0.05). 
 
Common Name Scientific Name 










 SE  df F P 




3.09b 0.45  2, 47.9 6.94 0.002 




0.00b 0.00  2, 53.8 4.60 0.014 




0.07a 0.05  2, 61.2 1.90 0.159 













1.28a 0.12  2, 69.9 1.91 0.156 


























































Table 9: Average mass (g) and proportion of males, adults, and reproductive females for Peromyscus spp. captured at Blennerhassett, 
Buckley, and Muskingum islands, West Virginia, USA and at 0, 100, 300 m from the bridge during the 2008-2009 field seasons (none 
of the means differed significantly by sites or distances at α = 0.05). 
 
 











 SE  F2,21 P 




17.02 0.26  1.69 0.208 




0.62 0.04  0.89 0.427 




0.89 0.04  0.64 0.539 








Table 9 Extended 






























0.22 0.07  0.40 0.678 1.47 0.247 
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Table 10: Summary of scent station data for furbearers with their presence (P) and absence (A) percentages for Blennerhassett, 
Buckley, and Muskingum islands, West Virginia, USA and 0, 100, and 300 m from the bridge for the 2008 and 2009 field seasons 
with same letters indicating no significance among sites or distances (bolded species are significant at α = 0.05). 
 
 
 Island    




Muskingum    
 




P A  G2 P 




69.4%a 30.6%  7.39 0.025 




0.0%b 100.0%  13.14 0.001 




2.8%a 97.2%  1.67 0.433 




0.0% 100.0%  - - 








Table 10 Extended 












































PRE-CONSTRUCTION AND POST-CONSTRUCTION COMPARISONS OF THE 
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Construction of man-made objects such as roads and bridges can have positive, negative, or 
neutral impacts on wildlife, vegetation, and soil depending on species or location. We 
investigated vegetation, soil, waterbirds, songbirds, small mammals and furbearers along the 
Ohio River, WV, USA at a new bridge both before and after construction and at a bridge 
crossing that was present throughout the study. Comparisons were made at each site over three 
time periods (1985-1987 and 1998-2000 [pre-construction], 2007-2009 [post-construction]) and 
at three distances (0 m, 100 m, 300 m) from the bridge or proposed bridge location. Overall, 118 
plant, 16 waterbird, 70 songbird, 10 small mammal, and 6 furbearer species were detected during 
the study. Though not statistically tested, some vegetation and soil parameters appeared to be 
altered after construction of the bridge. Waterbird abundances did not show any declines that 
could be attributed to the bridge and combined songbird abundances did not differ after 
construction of the bridge (P > 0.05). Cliff swallows and rock pigeons showed high affinity for 
bridges (P < 0.05). Combined small mammal abundances increased between Phases I and II (P < 
0.05), but did not differ between Phases II and III (P > 0.05). Species richness and diversity for 
songbirds and small mammals did not differ before and after bridge construction (P > 0.05). We 
found that most species sampled responded neutrally to the bridge crossing, and believe that the 
bridge is not causing any measurable negative density impacts to the species we investigated. 
The bridge does provide habitat for rock pigeon and cliff swallow that are adjusted to man-made 
structures for nesting. 
 






 Highway bridge crossings can affect waterbirds, songbirds, small mammals, furbearers, 
vegetation, and the soil positively, negatively, or not at all depending on species or location. 
There are limited published data on the ecological impacts of bridges on wildlife, vegetation, and 
soil; however, more attention has been drawn to the positive effects of bridges upon wildlife. 
Cliff swallows (Petrochelidon pyrrhonota), barn swallows (Hirundo rustica), and peregrine 
falcons (Falco peregrinus) use bridges for nesting and perching (Bell et al. 1996, Cade and Bird 
1990, Redmond and Murphy 2007, Tordoff and Redig 1988, Tumlison 2009). Other research 
shows that bridges provide roosting and resting habitat for bats (Bennett et al. 2008). Edge 
created by roads and bridges may provide habitat for songbirds and increase their population 
(Clark and Karr 1979). Also, bridges can serve as movement corridors for coyotes (Canis 
latrans) (Sacks et al. 2006). 
 The presence of a bridge may have direct negative impacts on wildlife similar to those of 
highway impacts which have been studied in much greater detail. Some of these negative 
impacts include: increased mortality from vehicle collisions (Haxton 2000, Hubbard et al. 2000), 
noise (Breeden et al. 2008), barrier effects (Noss et al. 1996), and attraction of undesirable or 
non-native species (Vankat and Roy 2002). Bridges and highways also can impact the landscape 
causing habitat fragmentation (Trombulak and Frissell 2000), habitat loss (Forman 2000), and 
habitat alteration (Rowland et al. 2000) which in turn are negative for some species. This can 
lead to further tribulations including species declines and disruption of continuous population 
distributions (Vos and Chardon 1998), limit movements (Andrews et al. 2005), and limit genetic 
diversity (Lesbarreres et al. 2006).  
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Vegetation under bridges may be similar to roadsides with disturbance-tolerant, non-
native, generalist species of flowering, herbaceous plants and grasses that form discontinuous 
vegetative communities (Forman et al. 2003, Townsend et al. 2000). These disturbed areas may 
harbor poor site conditions and may become favorable to a suite of invasive species (Forman and 
Alexander 1998, Rentch et al. 2005). Similarly, soil under bridges may have altered nutrient 
levels due to application of deicing agents on bridges during winter months (Wilcox 1986) and 
other materials leaching from the bridge which could alter physical properties of the soil 
(Johnston and Johnston 2004). Altered soil chemistry may change plant growth and species 
diversity and composition (Forman and Alexander 1998, Jones et al. 2000, Rentch et al. 2005, 
Tyser et al. 1998). 
 In West Virginia, the West Virginia Division of Highways (WVDOH) initiated research 
on the effects of bridges on wildlife and vegetation communities with two major projects 
occurring (1985-1987, 1998-2000). The purposes of these studies were to investigate effects of 
bridges on wildlife (barrier effect, loss of habitat, attraction of undesirable/desirable species) and 
vegetation. Communities investigated included waterbirds, songbirds, small mammals, 
furbearers, and vegetation; soil parameters also were measured. Surveys were conducted during 
both time periods at the Buckley Island Bridge (existing bridge constructed in the mid-1960s) 
and at the proposed site of the Blennerhassett Island Bridge (although construction had not 
begun) (West Virginia Division of Highways 2010, unpublished report).  
 The purpose of this study was to evaluate the ecological impacts and effects of the 
Blennerhassett Island Bridge as it crosses over the Ohio River and Blennerhassett Island near 
Parkersburg, WV, USA. Construction of the bridge began in May 2005 and it was opened to the 
public 13 June 2008. This study investigates waterbird, songbird, small mammal, furbearer, 
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vegetation, and soil parameters and makes comparisons to the data collected during the 1985-
1987 and 1998-2000 studies. 
Methods 
Study Area 
This study was conducted along the Ohio River in Wood County, West Virginia and 
Washington County, Ohio, USA. We studied two sites (Blennerhassett Island and Buckley 
Island) (Figure 1) and conducted surveys on both the islands and the adjacent mainland. The 
bridge crossing Blennerhassett Island is a single-span tied-arch style bridge about 1,220 m in 
length and 24 m in height. This four-lane bridge carries U.S. Route 50. The bridge crossing 
Buckley Island also is a single-span tied-arch style bridge similar in size to the bridge crossing 
Blennerhassett Island. It was constructed in the mid-1960s and is part of Interstate 77. These 
islands occur between km markers 271.8 and 305.6 (mi markers 168.9 and 189.9) with both sites 
located in the Belleville Navigational Pool (Tolin and Schettig 1983). 
Precipitation occurs throughout the year, totaling about 106 cm/year (Idcide West 
Virginia Weather 2010) and elevation ranges from 184-198 m (Idcide West Virginia City Data 
2010). Both islands have been historically used for agriculture and the river channels around 
them may have been historically dredged (Tolin and Schettig 1983). The adjacent mainland has 
been shaped by disturbance from urbanization, agriculture, commercial development, and 
industrial expansion. 
Bottomland hardwood forest, dominated by silver maple (Acer saccharinium), box elder 
(Acer negundo), and American sycamore (Platanus occidentalis), is the most abundant cover 
type on the islands (Tolin and Schettig 1983). Late and early old-fields (transitional areas 
between bare ground and forest) are the second most common cover type on the islands (Tolin 
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and Schettig 1983). Old fields were created by past agricultural practices, oil and gas activities, 
recreational development, logging, and industrial activities (Zadnik et al. 2009). They are usually 
comprised of vegetation such as forbs, grasses, and small shrubs (Bleich et al. 2005), but some of 
these areas may have woody plants becoming dominant (United States Fish and Wildlife Service 
2002).  
Study Design 
This study used the before-after/control-impact (BACI) design to investigate differences 
at the Blennerhassett Island site. In the BACI design, experimental units are allocated to both 
treatment and reference areas before and after treatment is applied (Morrison et al. 2001). The 
Blennerhassett Island study area (new Rt. 50 bridge) was the treatment area and the Buckley 
Island study area (existing I-77 bridge) was the reference area. Phase I (1985-1987) and Phase II 
(1998-2000) studies were conducted before construction of the Blennerhassett Island Bridge, and 
Phase III (2007-2009) was conducted after construction of the bridge. A bridge was present at 
Buckley during all three studies. Vegetation, soil, waterbirds, songbirds, small mammals, and 
furbearers were sampled during at least two of the three phases depending on the variable 
(vegetation [Phases II and III], soil [Phases II and III], waterbirds [Phases I and III], songbirds 
[Phases I, II, and III], small mammals [Phases I, II, and III], and furbearers [Phases I and III]).  
Waterbirds were sampled from observation points at each site; vegetation, soil, songbirds, 
small mammals, and furbearers were sampled along 100 m transects placed under the bridge and 
at 100 and 300 m from the bridge with transects starting at the shorelines on the mainland and on 
the island. Blennerhassett Island had a total of 6 transects (n = 2 under the bridge, n = 2 at 100 m, 
and n = 2 at 300 m), and Buckley Island had a total of 8 transects (n = 3 under the bridge, n = 3 
at 100 m, and n = 2 at 300 m). However, during Phase II, vegetation and soil data were not 
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collected at all of these transects (vegetation: 3 transects sampled at Blennerhassett [n = 1 at 0 m, 
n = 1 at 100 m, and n = 1 at 300 m] and 5 transects sampled at Buckley [n = 2 at 0 m, n = 2 at 
100 m, n = 1 at 300 m]; soil: 2 transects sampled at Blennerhassett [n = 1 at 0 m, n = 1 at 100 m] 
and 3 transects sampled at Buckley [n =1 at 0 m, n = 1 at 100 m, and n = 1 at 300 m]). 
Vegetation  
 The vegetation associated with each 100 meter transect was sampled using a 20 m × 50 
m (0.1 ha) quadrat. Quadrats were positioned so that the center of the quadrat corresponded to 
the center of the transect. Within each quadrat, the composition and structure of the vegetation 
was determined using a roadside sampling method (Rentch et al. 2005). Diameter at breast height 
(1.37 m above the ground level on uphill side and hereafter referred to as DBH) of all live stems 
of trees (≥ 2.5 cm DBH) was recorded by species in the quadrats. Percent cover of herbaceous 
plants, exposed rock, woody debris, and bryophytes was estimated for ten 1.0 × 1.0 m plots 
placed at 5.0 m intervals along a 50 m tape used to establish the centerline of the principal 
quadrat. All cover values were estimated using a cover class rating scale described by 
Daubenmire (1968): 1 < 5% cover, 2 = 5-25, 3 = 26-50, 4 =51-75, 5 = 76-95, and 6 > 95.  
Vegetation sampling was conducted during the growing season during Phase II and in July 2008 
for Phase III. 
Soil 
Soil samples were collected within each of the 0.1 ha quadrats established for the 
vegetation sampling using a 1.27 cm diameter soil probe. The composite samples were 
composed of four sub-samples from the upper 10 cm. Each quadrat was divided into four 0.025 
ha sub-sections, one sample of soil was taken from each sub-section, and all four were mixed 
together for one composite sample from each quadrat. Each sample was air dried, passed through 
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a 2 mm sieve, and then sent to the Brookside Laboratories in New Knoxville, Ohio, USA, for 
analysis. The soil parameters analyzed were percent organic matter, pH, total exchange capacity, 
parts per million for aluminum, boron, copper, calcium, iron, magnesium, potassium, zinc, 
nitrate, sodium, manganese, and soluble sulfur (Stephenson et al. 2007). Soil samples were 
collected at these sites during the Phase II sampling period and during vegetation sampling for 
Phase III in July 2008. 
Waterbirds 
Waterbird surveys were conducted by a single observer during 90 minute complete scan 
counts while sitting on the mainland facing the island and monitoring the river, air, riparian 
zones, and part of the island in a 39.25 ha area (semicircle with a 500 m radius from the 
observation point) using binoculars. Additionally during Phase III, a 15 to 60 power, 60 mm 
zoom, Bausch and Lomb® spotting scope was used. Surveys were conducted from 1 hour before 
sunset to 30 minutes after sunset (dusk) and then 30 minutes before sunrise to 1 hour after 
sunrise (dawn) at the same location the following morning (Burger 2001). The dusk survey and 
the dawn survey the following morning were combined into one single survey and the maximum 
count for each species between the two times was used. During these surveys, all waterbirds 
observed were enumerated and recorded by species (Heusmann and Sauer 2000, Lougheed and 
Breault 1999). Waterbirds were considered waterfowl, seabirds, shorebirds, wading birds, and 
belted kingfishers (Megaceryle alcyon) (Weller 1999). To make accurate estimations on distance 
during Phase III, the distance from the observer to the bird was measured with a Nikon Laser™ 
1200 7 × 25 power range finder.  
Dusk and dawn surveys were conducted from the West Virginia mainland once a month 
and then from the Ohio mainland later in the month because each side of the island had a 
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different 39.25 ha area to be surveyed and to ensure the entire river channel around the island 
was surveyed monthly. Observation points were placed at suitable locations with clear viewing 
of the river, air, riparian zones, and the bridge but were not correlated to transects. Counts were 
not conducted if the wind speeds exceeded 16 km/hr or during high flow conditions and were 
made up at the next available time (Best et al. 1997). Surveys were completed by individuals 
trained in bird identification and distance estimation. Counts were conducted twice a month 
during April, May, and June 1985-1987 for Phase I and April and May 2008-2009 for Phase III. 
Songbirds 
Breeding bird surveys for songbirds were conducted along each of the 100 m transects by 
a single observer during Phases I and II and the dependent double observer method (Forcey et al. 
2006) for Phase III. The dependent double observer method was used in Phase III in lieu of the 
single observer method to increase accuracy of species identifications and counts, but not to 
calculate detection probabilities due to low number of observations. This technique involved two 
observers recording data together on a single data sheet with one observer designed as the 
primary observer and the other designated as the secondary observer. The primary observer 
verbally dictated the number of each species detected while the secondary observer recorded the 
information. The secondary observer also recorded birds that the primary observer did not detect 
(Forcey et al. 2006, Nichols et al. 2000).  
Songbirds were sampled by walking along each transect for a total of 15 minutes, pausing 
to identify and record all birds observed or heard (Er et al. 2003). Only songbirds detected within 
a 1 ha area (≤ 50 m perpendicular to the transect) were included in transect data. Those species 
detected outside or as flyovers were recorded but not included in any estimates. There were three 
scheduled stops of three minutes each at the beginning, middle, and end of each transect. 
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Species, sex, age, and estimated distance of all birds detected by sight and sound was recorded 
(Smith et al. 2005). Estimated distances were recorded perpendicular to the transect and a Nikon 
Laser™ 1200 7 × 25 power range finder was used during Phase III to increase accuracy of 
distance estimations. Surveys were conducted from 0600 to 1000 (Rodewald and Smith 1998), 
but were not conducted during rainy or windy weather (Freeman et al. 2007). Surveys were 
completed by individuals trained in bird identification and distance estimation. Surveys were 
conducted in both May and June of 1985-1987, 1998-1999, and 2008-2009 for Phases I, II, and 
III respectively. 
Small Mammals 
Small mammal trapping was conducted using snap traps during Phases I and II and 
Sherman live traps (small folding galvanized, 5 × 6.4 × 16.5 cm; H. B. Sherman Traps, 
Tallahassee, FL) during Phase III to capture small mammals such as mice, voles, moles, 
chipmunks, and shrews. Sherman traps were used in lieu of snap traps during Phase III due to 
their ability to keep animals alive and their similar capture success to snap traps (Pelikan et al. 
1977). Traps were placed along the 100 m transects at ten stations located 10 m apart with three 
traps at each station (Pearson and Ruggiero 2003). Each trap was baited with a peanut butter 
rolled oats mixture. Traps were set for three consecutive nights (Yunger and Randa 1999) and 
were checked each morning. The number of traps tripped without a capture was recorded and 0.5 
trap nights was deducted (Beauvais and Buskirk 1999, Edalgo and Anderson 2007). 
Corresponding transects for each site was trapped simultaneously to account for temporal 
variation. During Phase III, each rodent captured was ear-tagged with a #1005-1 monel ear tag 
(National Band and Tag Company, Newport, Kentucky, 41072-0430) and shrews were toe-
clipped for identification (Menzel et al. 1999, Silvy et al. 2005). Other information such as trap 
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location and species were recorded and age, gender, mass, reproductive condition, and whether 
the animal was a new or recapture were recorded during Phase III (Converse et al. 2006). Small 
mammal trapping was conducted during April or May and June 1985-1987 for Phase I, April and 
June 1998 and April 1999 for Phase II, and May and June 2008-2009 for Phase III. 
Furbearers 
Scent stations were constructed and monitored to measure medium-sized mammals, 
carnivores, and large rodent occurrence (Akins et al. 2004). Scent stations were established along 
the river banks at the terminal end of each transect. Scent stations were 1 m × 1 m and made 
from scraped, sifted, and smoothed alluvial soil at a depth of 3-5 cm to make tracks more visible 
(Kalpin 1986). Scent stations were then baited with a fatty acid scent tablet placed in the center 
of the station (Helon et al. 2002, Nottingham et al. 1989, Warrick and Harris 2001). Stations 
were operated for three consecutive nights (Randa and Yunger 2006) and checked every morning 
(Sargeant et al. 1998). Identification of all animals investigating the scent station was made by 
the tracks left in the scent station. Scent stations were monitored in conjunction with small 
mammal traps during April, May, and June 1985-1987 for Phase I and May and June 2008-2009 
for Phase III. 
Statistical Analysis 
 Electronic data from Phases I and II pre-construction studies could not be located. The 
only raw data available from these phases were for small mammals. However, pre-construction 
data for other taxa from these two time periods could be used from previous unpublished reports 
from the WVDOH. Unfortunately, these data limited us due to the reports only containing 
summaries of each time period, cumulative means for each time period without means for each 
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individual observation (one datum point for each response variable for each phase), no or limited 
replication, and means without standard deviations or standard errors.  
For vegetation and soil, data could be combined among transects by site to provide 
multiple replicates; however, we believe that bridge impacts onto vegetation and soil are limited 
to the area directly under the bridge and the areas disturbed during construction and should not 
affect transects at 100 or 300 m distance. Thus combining data would not provide any 
meaningful results. Because waterbird surveys were conducted by site and not correlated to 
transects, there was no way to combine pre-construction data to get multiple replicates. Pre-
construction furbearer data summarized the total, average, and maximum number of tracks of 
each species left at all the scent stations combined within a site, but because the total number of 
tracks left in a scent station is not an accurate estimation of abundance (i.e., one animal could 
make multiple tracks), post-construction data recorded only the presence or absence of each 
species. Moreover, pre-construction data did not present presence or absence information for 
each scent station and thus the data were not comparable. Due to these issues, no quantitative 
comparisons were made for vegetation, soil, waterbirds, and furbearers. Instead, a qualitative 
description of vegetation and soil at the 0 m transects and waterbirds and furbearers at each site 
was made over time regarding impacts of the Blennerhassett Island Bridge. 
 For songbird and small mammal data, each transect distance had replication at both sites 
during all three phases and a quantitative statistical analysis was performed. Songbird data were 
standardized by individuals/ha (songbirds) or captures/100 trap nights (small mammals). 
Combined songbird and small mammal relative abundance, relative abundances of individual 
species that were sampled during all three time periods, species richness, and Shannon Diversity 
Index (SDI) (dependent variables) were rank transformed (Conover and Iman 1981) and 
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compared by site, distance, and phase (independent variables) using a three-way analysis of 
variance (ANOVA) with interaction terms and an alpha level of 0.05. The main effects of this 
model were compared along with the site by phase, distance by phase, and site by distance by 
phase interactions to determine effects from the bridge. The test of interaction was conducted 
using untransformed data to obtain a more approximate analysis (Conover 1999). A Tukey’s 
honest significance difference multiple comparison post hoc test was used for comparisons of 
significant means. Deer mouse (Peromyscus maniculatus) and white-footed mouse (Peromyscus 
leucopus) were combined into a single genus (Peromyscus spp.) to account for identification 
biases (Osbourne et al. 2005) and to stay consistent with pre-construction data.  
Results 
Vegetation 
 Overall a total of 118 species of plants were detected in the two phases including 78 
species (n = 24 during Phase II and n = 69 during Phase III) at Blennerhassett and 79 species (n 
= 39 during Phase II and n = 61 during Phase III) at Buckley (Appendix 18). Vegetative 
communities at the 0 m transect at Blennerhassett were dominated by box elder, false nettle 
(Boehmeria cylindrica), Japanese hop (Humulus japonicus), reed canary grass (Phalaris 
arundinacea), silver maple, and wing-stem (Verbesina alternifolia) before construction of the 
bridge and by bare ground, Japanese millet (Echinochloa crus-galli var frumentacea), Japanese 
stilt grass (Microstegium vimineum), and wild rye (Elymus riparius) after construction of the 
bridge (Table 1). 
 Vegetative communities at the 0 m transect at Buckley showed changes as well despite 
the bridge being present during both survey periods. The areas under the bridge had high 
amounts of bare ground with vegetation dominated by red fescue (Festuca rubra), silver maple, 
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reed canary grass, and wild teasel (Dispacus fullonum) (Table 1). During Phase III, the areas 
under the bridges continued to have high amounts of bare ground along with common burdock 
(Arctium minus), Japanese knotweed (Polygonum cuspidatum), and Kentucky 31 fescue (Lolium 
arundinaceum), with lower amounts of reed canary grass, and no woody vegetation (Table 1). 
 There also were increases in many invasive and exotic species under both bridges over 
time. Some exotic species that were absent during pre-construction surveys but present during 
post-construction surveys included: common mugwort (Artemisia vulgaris), Japanese knotweed, 
Japanese millet, Japanese stilt grass, Kentucky 31 fescue, lady’s thumb (Polygonum persicaria), 
mile-a-minute weed (Polygonum perfoliata), and prickly lettuce (Lactuca serriola) (Table 1). 
Soil 
 We found dramatic decreases in organic matter (77.4%), magnesium (18.6%), potassium 
(32.1%), boron (43.0%), iron (21.9%), zinc (85.3%), copper (54.2%), and aluminum (55.8%) 
and dramatic increases in nitrate (493.4%), calcium (18.5%), sodium (735.7%), and manganese 
(43.5%) at the 0 m transect at Blennerhassett over time (Table 2). We also found dramatic 
decreases in organic matter (58.3%), magnesium (49.2%), boron (35.0%), iron (25.8%), 
manganese (46.7%), and aluminum (52.8%) and dramatic increases in nitrate (692.1%), soluble 
sulfur (68.9%), and sodium (6,317.2%) at the 0 m transect at Buckley over time (Table 2). 
Waterbirds 
 Overall, a total of 16 species of waterbirds were detected including 14 species (n = 13 at 
Blennerhassett and n = 5 at Buckley) during the 1985-1987 period and 7 (n = 7 at Blennerhassett 
and n = 3 at Buckley) during the 2007-2009 period (Appendix 19). Five species were detected at 
Blennerhassett and 2 species were detected at Buckley during both time periods (Table 3). 
Canada goose (Branta canadensis) and combined waterbird abundances dramatically increased 
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and belted kingfisher, great blue heron (Ardea herodias), mallard (Anas platyrhynchos), and 
wood duck (Aix sponsa) remained similar at Blennerhassett between the two time periods (Table 
3). Canada goose and combined waterbird abundances also dramatically increased at Buckley 
while mallard and wood duck remained similar at that site over time (Table 3). The combined 
waterbird abundance was dominated by Canada geese (85%). 
Songbirds 
A total of 70 species were detected among both sites during the three phases including 54 
species (n = 34 during Phase I, n = 36 during Phase II, and n = 42 during Phase III) at 
Blennerhassett over the three periods (Appendix 20) and 58 species at Buckley (n = 41 during 
Phase I, n = 39 during Phase II, and n = 44 during Phase III) over the three periods (Appendix 
21). A total of 33 species occurred during each of the three time periods and were therefore 
analyzed separately in abundance estimates. Four of these 33 species had a significant interaction 
effect either by site and phase, distance and phase, or site by distance by phase (Appendix 22). 
Only significant interactions are presented in the text. 
Cliff swallow abundances had a significant interaction by site, distance, and phase (F4,24 = 
3.20, P = 0.023) due to only being detected at Buckley (Phase I:  = 0.02, SE = 0.01; Phase II:  
= 0.06, SE = 0.06; Phase III:  = 1.16, SE = 0.70) and increases at the 0 m transects (Phase I and 
II:  = 0.00, SE = 0.00; Phase III:  = 1.85, SE = 1.02). Hairy woodpecker (Picoides villosus) 
abundances had a significant site by phase interaction (F2,24 = 3.82, P = 0.036) due to decreases 
over time at Blennerhassett (Phase I:  = 0.20, SE = 0.14; Phase II:  = 0.00, SE = 0.00; Phase 
III:  = 0.04, SE = 0.04) and a significant distance by phase interaction (F4,24 = 3.63, P = 0.019) 
due to decreases at the 0 m transects (Phase I:  = 0.26, SE = 0.15; Phases II and III:  = 0.00, 
SE = 0.00). Song sparrow (Melospiza melodia), had a significant site by phase interaction (F2,24 = 
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3.98, P = 0.032) due to increases at Blennerhassett from Phase I (  = 0.50, SE = 0.15) to Phase II 
(  = 1.06, SE = 0.53), to Phase III (  = 3.00, SE = 0.37). One other species, eastern towhee 
(Pipilo erythrophthalmus), had a significant site by phase interaction (F2,24 = 4.91, P = 0.016) 
due to decreases at Blennerhassett over time (Phase I:  = 0.17, SE = 0.10; Phases II and III:  = 
0.00, SE = 0.00). 
Carolina wren (Thryothorus ludovicianus), white-eyed vireo (Vireo griseus), and yellow-
billed cuckoo (Coccyzus americanus) had significantly higher abundances at Blennerhassett 
whereas cliff swallow, European starling (Sturnus vulgaris), gray catbird (Dumetella 
carolinensis), mourning dove (Zenaida macroura), and rock pigeon (Columba livia) had 
significantly higher abundances at Buckley (Table 4). Cliff swallow and rock pigeon had 
significantly higher abundances at the 0 m transects, and American robin (Turdus migratorius), 
brown-headed cowbird (Molothrus ater), Carolina wren, cedar waxwing (Bombycilla cedrorum), 
cliff swallow, and combined songbirds had higher abundances during Phase III (Table 4). 
Additionally, northern flicker (Colaptes auratus) abundances decreased during Phase II, but 
returned to similar numbers of Phase I during Phase III (Table 4). There were no other 
significant variables by site, distance, or phase (Table 4).  
No other species differed significantly by site, distance, or phase (Table 4) or interaction 
(Appendix 22) including: American goldfinch (Spinus tristis), Baltimore oriole (Icterus galbula), 
blue jay (Cyanocitta cristata), Carolina chickadee (Poecile carolinensis), common grackle 
(Quiscalus quiscula), common yellowthroat (Geothlypis trichas), downy woodpecker (Picoides 
pubescens), house wren (Troglodytes aedon), indigo bunting (Passerina cyanea), northern 
cardinal (Cardinalis cardinalis), northern parula (Parula americana), orchard oriole (Icterus 
spurius), pileated woodpecker (Dryocopus pileatus), red-eyed vireo (Vireo olivaceus), red-
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winged blackbird (Agelaius phoeniceus), tufted titmouse (Baeolophus bicolor), wood thrush 
(Hylocichla mustelina), and yellow warbler (Dendroica petechia).  
Small Mammals 
A total of 15,150 trap night attempts with 12,830 total trap nights after deductions 
captured 556 individuals (Table 5) of 10 species (Appendix 23) between both sites throughout all 
three time periods. Only combined small mammal and Peromyscus spp. had significant 
interactions (Appendix 24). Combined small mammal abundances were significantly lower 
during Phase I (  = 2.09, SE = 0.48) compared to Phases II (  = 6.98, SE = 0.72) and III (  = 
9.05, SE = 4.22) at Blennerhassett causing a significant site by phase interaction (F2,24 = 5.33, P 
= 0.012). Similarly, Peromyscus spp. abundances were significantly lower during Phase I (  = 
1.67, SE = 0.47) compared to Phases II (  = 5.08, SE = 0.40) and III (  = 7.20, SE = 3.21) at 
Blennerhassett causing a significant site by phase interaction (F2,24 = 7.13, P = 0.004).  
Peromyscus spp. and combined small mammals significantly increased during Phases II 
and III compared to Phase I, but did not differ significantly by sites or distances (Table 6). 
Northern short-tailed shrew (Blarina brevicauda) abundances were significantly higher at 
Blennerhassett than at Buckley, decreased during Phase II, and did not differ among distances 
(Table 6). Species richness was highest in Phase I, and decreased significantly during Phases II 
and III, but did not differ by sites or distances (Table 6). No other species or variables 
significantly differed by site, distance, or phase (Table 6) or by interactions (Appendix 24) 
including meadow vole (Microtus pennsylvanicus), house mouse (Mus musculus), eastern 






A total of 6 species of furbearers were detected throughout this study. Five species were 
detected in scent stations during pre-construction surveys: American beaver (Castor canadensis), 
common muskrat (Ondatra zibethicus), striped skunk (Mephitis mephitis), raccoon (Procyon 
lotor), and Virginia opossum (Didelphis virginiana). Four species were encountered in post-
construction scent station surveys: American beaver, raccoon, red fox (Vulpes vulpes), and 
Virginia opossum. Both raccoon and common muskrat were detected at both sites, while 
American beaver and Virginia opossum were only detected at Buckley, and striped skunk was 
only detected at Blennerhassett. Raccoon, red fox, and Virginia opossum were found at both 




We believe that both bridges impact vegetation directly under them. Our study indicated 
that vegetative communities directly under both bridges are highly altered and dominated by 
species tolerant of disturbance. This may result from disturbance from construction, compacted 
soils, altered soil chemistry, lack of direct sunlight and rainfall, destruction of seed bank, and 
poor site conditions (Mortensen et al. 2009). We found that vegetation did not provide complete 
coverage of all the area disturbed under the bridges and overall flora was depauperate. The 
vegetation that was present under the bridge at Blennerhassett after construction consisted mostly 
of non-natives and exotics and species found in the seed mixture used to reseed the disturbed 
area after construction making it similar to the vegetative communities of roadsides (Rentch et 
al. 2005). This is contrasted by the vegetative communities of bottomland hardwood forest and 
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old-field cover types which were found at the 0 m transects at Blennerhassett before construction 
of the bridge. Many exotic species found in this study may be present due to the floodplain; 
however, we believe that the disturbance caused by the construction of a bridge may be 
promoting these species as the poor site conditions may be creating an environment favorable for 
a limited suite of exotic species.  
The natural series of plant succession following a disturbance has been well documented 
and is well understood (Oliver and Larson 1996). Ideally, this is the process that will occur under 
the Blennerhassett Island Bridge over time. However, many potential problems include 
compacted soils, altered soil chemistry, lack of direct sunlight or rainfall, emissions from 
vehicles, particles coming from the bridge, and presence of invasive and exotic species which 
may inhibit the vegetation communities, growth, and ecological processes under the bridge 
(Forman and Alexander 1998, Rentch et al. 2005, Christen and Matlock 2006, Mortensen et al. 
2009).  We hypothesize that the area under the Blennerhassett Island Bridge will not follow the 
natural series of plant succession. Based on present conditions at the 45-year-old Buckley Island 
Bridge, we believe that the vegetation communities under the Blennerhassett Island Bridge will 
remain this way for some time with low coverage and vegetation dominated by herbaceous, 
disturbance tolerant, and exotic species. 
Soil 
 Altered soil parameters over time in this study were not easily explainable and may be 
due to errors in analyses at the lab, changes in procedures, detectability limits over time, or 
random chance; however, some parameters could be linked to the bridge. Disturbance to the 
natural soil during construction could be responsible for decreases in organic matter, magnesium, 
potassium, boron, iron, zinc, copper, and aluminum under the bridge at Blennerhassett (Johnston 
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and Johnston 2004). Increases in calcium, sodium, and manganese at Blennerhassett could be 
due to materials leaching from the bridge such as deicing agents for snow removal (Wilcox 
1986), while increases in nitrate may be due to the fertilizer applied during reseeding of 
vegetation (Ross and Van Acker 2005), and increases in soluble sulfur may be due to emissions 
from vehicles (Mooney et al. 1988). Altered parameters at Buckley could be due to many of the 
reasons mentioned above at Blennerhassett. Due to lack of replication, it was difficult to link 
altered soil parameters to the bridge. However, both bridges may have impacts to the natural soil 
due to disturbance during construction, leaching of deicing agents and other materials from the 
surface or structure of the bridge, limited sunlight and rainfall due to the bridge overhang, 
herbaceous, disturbance-tolerant vegetation communities, and changes in the physical properties 
of the soil (structure, stability, erodibility, porosity, and permeability) as described by Johnston 
and Johnston (2004). 
Waterbirds 
 We found no evidence to conclude that the Blennerhassett Island Bridge is affecting 
waterbird populations. Canada goose and combined waterbird abundances increased at both sites 
over the two time periods indicating no negative effect from the bridge. Abundances of Canada 
goose have increased over time due to region-wide population increases within the study area 
(United States Fish and Wildlife Service 2002). Belted kingfisher, great blue heron, mallard, and 
wood duck abundances remained similar over the two time periods further indicating no impact. 
Results at Buckley Island were similar with increases in Canada goose and combined waterbird 
abundances and similar abundances of mallard and wood duck. All other waterbird species 




 Waterbirds have shown no response to human disturbances in other studies. Double-
crested cormorant (Phalacrocorax auritus) distribution of nests, nesting and fledgling success, 
breeding chronology, adult nest behavior, and chick behavior were not altered when a wildlife 
viewing area was created near a breeding colony increasing human activity and presence  
(Skagen et al. 2001). Waterbirds have colonized urban landscapes and shown no negative 
response to increased urbanization (Campbell 2008). However, in a study on the impacts of 
many human disturbances on ducks, ducks were less likely to fly from human disturbances 
caused by vehicles opposed to other human disturbances such as walking or bicycling (Pease et 
al. 2005). We found no trends over the two time periods to indicate that the bridge is causing 
impacts to waterbirds. Because the bridge is crossing over such a small portion of the river and 
island, we believe the bridge is not a barrier or cause of decline for Ohio River waterbird species, 
nor is it impacting the local waterbird populations at Blennerhassett Island. 
Songbirds 
 The Blennerhassett Island Bridge had little impact on songbird abundance, richness, and 
diversity. Most of the songbirds analyzed showed no significant abundance decreases over time 
at Blennerhassett since the bridge was built. Cliff swallows and rock pigeons had an affinity for 
the bridge as they were found only under the bridges. Both cliff swallows and rock pigeons are 
highly adaptive to man-made structures and use bridges for nesting (Peterson 2002, Tumlison 
2009). Decreased abundances of other species could not be directly attributed to the presence of 
the new bridge. However, 9 songbird species showed non-significant declines at the 0 m transect 
at Blennerhassett after construction of the bridge. This decline could be due to removal of trees 
directly under the bridge during construction. This removal lead to habitat loss for tree canopy 
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and forest interior songbirds (Wallendorf et al. 2007), but was limited to the area directly under 
and near the bridge that was altered during construction and did not cause significant declines. 
 Our study is comparable to other studies that have shown songbird abundances, richness, 
and diversity to respond neutrally to a disturbance. Aquilani (2006) found that overall songbird 
abundances did not significantly drop in areas with different silvicultural treatments. Harrison 
and Kilgo (2004) found similar species richness and diversity in forests disturbed by patch-
retention harvests compared to control plots. Songbird abundances, richness, and diversity were 
not highly affected by the bridge because of the relatively small amount of area the bridge 
crosses and the small amounts of disturbance to the landscape restricted to directly under and 
near the bridge. 
Small Mammals 
 We found no evidence that the Blennerhassett Island Bridge is negatively impacting 
small mammals in comparison to pre-construction data. Meadow vole, northern-short-tailed 
shrew, house mouse, and eastern chipmunk all showed no significant abundance changes at each 
site and distance over time all indicating no effect from bridge. Peromyscus spp. and combined 
small mammal abundances increased at Blennerhassett over time indicating that the bridge is not 
causing negative impacts to either species of Peromyscus and total abundances of small 
mammals. Possible reasons for high small mammal abundances at Blennerhassett could be due to 
cyclical fluctuations of small mammal populations (Elias et al. 2004, Getz et al. 2006, Oli and 
Dobson 2001) or lack of natural predators (Okabe and Agetsuma 2007). Additionally, small 
mammal abundances could have been lower during Phase I due to high numbers of predators 
(Okabe and Agetsume 2007), cyclical fluctuations (Elias et al. 2004, Getz et al. 2006, Oli and 
Dobson 2001), or from a catastrophic event such as flooding and inundation of the island 
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(Williams et al. 2001). Additionally, similar species richness and diversity at each site and 
distance over time indicate no negative impacts from the new bridge upon small mammals. 
Moreover, our findings are comparable to other literature that indicates small mammals 
are disturbance tolerant. In a review of 21 studies investigating the impacts of clearcuts on small 
mammal populations, Kirkland (1990) identified a general pattern of initial increase in small 
mammal abundance following a clearcut. Four species of small mammals, southern red-backed 
vole (Myodes gapperi), woodland jumping mouse (Napaeozapus insignis), Peromyscus spp., and 
eastern chipmunk responded neutrally or favorably to forest disturbance in the form of 
clearcutting, deferment cutting, and single-tree selection (Kaminski et al. 2007). Root et al. 
(1990) found no effect of timber harvests on small mammals outside normal population 
fluctuations and few changes in taxonomic composition or abundances were found for small 
mammals over many silvicultural treatments (Elliott and Root 2006).  
Furbearers 
 Both common muskrat and striped skunk were detected in pre-construction surveys but 
not during post-construction surveys. There are not enough data to suggest that their absence in 
Phase III was caused by the construction and presence of the bridge. Both species were visually 
detected within the study area from personal observations during post-construction surveys. The 
reason these species were absent could be more easily explained by these animals still being 
present in the study area but in small abundances, these species not being easily detected with 
scent station surveys due to an abundance of other resources, or declines in these species in the 
study areas not correlated to the bridge. Additionally, the lack of red fox detections during pre-
construction surveys may be contributed to many of the reasons listed above. 
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 Both Blennerhassett and Buckley islands provide good habitat for many species of 
furbearers. Striped skunks, raccoons, Virginia opossum, and red foxes benefit by the presence of 
multiple cover types including bottomland hardwood forest and early and late old-field habitats 
as each of these species use a variety of habitat types (Beasley et al. 2007, Randa and Yunger 
2006). Proximity to water, proximity to urban areas, lack of hunting and minimal trapping on the 
islands, and abundant food sources all benefit these furbearers (Beasley et al. 2007, Gehrt 2003, 
Oehler and Litvaitis 1996, Okabe and Agetsume 2007). The shorelines of each island and the 
slough on Blennerhassett Island provide good habitat for American beavers and common 
muskrats. Beavers and muskrats both benefit from the slow current and dense herbaceous 
vegetation along the shorelines of the back channels (Zadnik et al. 2009). Additionally, both 
islands have large areas of woody vegetation which is primarily used as winter food for beavers 
(Jenkins 1979) and an abundance of coarse woody debris and submerged woody debris which 
provide habitat for riverine muskrats (Brooks 1980, Zadnik et al. 2009). 
Implications for Future Management Projects 
 Bridges can negatively impact soil and vegetation due to presence of the bridge and 
alteration of habitat. Though these impacts are limited in scale, all possible care should be taken 
during future projects to limit disturbance during construction. This starts by following best 
management practices (BMP) including temporary silt fencing and creation of water breaks to 
minimize erosion and runoff. Soil can be removed before construction, stored, and re-spread 
after construction to minimize destruction to the seed bank. If this is not feasible, we recommend 
that soil and vegetation should be impacted minimally during construction and shrubs and 
herbaceous vegetation should be kept under the bridge if possible. In instances where this is not 
possible, reseeding of disturbed areas should be done with native seed mixtures that include 
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shade tolerant grasses such as Canada wild rye (Elymus canadensis), wild rye (Elymus riparis), 
and bearded shorthusk (Brachyletrum erectum) which provide cover and food for wildlife. 
Native vegetation should sufficiently cover all areas impacted by the bridge, while stream banks 
should be stabilized by plantings of native trees. All possible care should be taken to restore the 
impacted land to previous conditions.  
Additionally, wildlife habitat can be created by scattering brush piles and coarse woody 
debris beneath the bridge to improve wildlife habitat. Nest boxes for birds and bats and nesting 
platforms for large raptors can be erected under the bridge to compensate for habitat lost during 
construction. Bridges also can be constructed to provide slots and spaces for roosting bats and 
platforms can be placed on the bridge for peregrine falcon nesting sites. However, these 
improvements should be conducted away from traffic to prevent animal-human conflicts. 
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Table 1: Summary of most common vegetation sampled (> 2% cover or importance values (IV) for any site or survey period) with 
means and standard errors (SE) (percent cover for herbaceous vegetation and IV for woody vegetation) at the 0 m transects only at 
Blennerhassett and Buckley islands, West Virginia, USA during Phases II (Pre: 1998-2000) and III (Post: 2007-2009). SE could not be 


























































































































































Table 1 Continued 
           




































































Table 2: Summary of soil variables with means and standard errors (SE) taken at the 0 m transects at Blennerhassett and Buckley 
islands, West Virginia, USA during Phases II (Pre: 1998-2000) and III (Post: 2007-2009). SE could not be calculated for pre-


































































































































Table 3: List of waterbirds with means (individuals/39.25 ha plot) and standard errors that were observed during Phase III (Post: 2008-
2009) along with their Phase I (Pre: 1985-1987) mean for Blennnerhassett and Buckley islands. SE could not be calculated for pre-



















































































Table 4: Summary of all songbirds used in the site, distance, and phase analyses with their means (individuals/ha), standard errors 
(SE), F-statistics, and P-values along with species richness and Shannon Diversity Index for Blennerhassett and Buckley islands, West 
Virginia, USA, and 0, 100, and 300 m from the bridge, and Phases I (1985-1987), II (1998-2000), and III (2007-2009) with same 




Common Name Blennerhassett 
 
Buckley 








































































































































Table 4 Continued 
         




























































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5: Summary of small mammal trapping data for Blennerhassett and Buckley islands, West Virginia, USA (averages in the form 
of captures per 100 trap nights) for 14 transects (n = 6 at Blennerhassett and n = 8 at Buckley) during Phases I (1985-1987), II (1998-
2000), and III (2007-2009).  
 
 Attempts Total Trap Nights Individuals Species  SE 
Phase I       
Blennerhassett Island 2,970 2,409 50 7 2.08 0.47 
Buckley Island 4,320 3,782 173 8 4.57 1.12 
Total 7,290 6,191 223 9 3.60 0.75 
Phase II       
Blennerhassett Island 1,080 888 62 3 6.99 0.72 
Buckley Island 1,744 1,406 51 5 3.63 0.78 
Total 2,824 2,294 113 6 4.93 0.74 
Phase III       
Blennerhassett Island 2,159 1,926 177 4 9.19 4.22 
Buckley Island 2,877 2,419 53 5 2.19 0.41 
Total 5,036 4,345 230 6 5.29 1.97 
Cumulative Total 15,150 12,830 566 10 4.51 0.71 
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Table 6: Summary of all small mammals used in the site, distance, and phase analyses with their means (captures/100 trap nights), 
standard errors (SE), F-statistics, and P-values along with species richness and Shannon Diversity Index for Blennerhassett and 
Buckley Islands, West Virginia, USA, and 0, 100, and 300 m from the bridge, and Phases I (1985-1987), II (1998-2000), and III 




Common Name Blennerhassett 
 
Buckley 






























































































































































































































































Figure 1: Location of two island study areas between kilometer markers 271.8 and 305.6 (mile 
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 There was little evidence to suggest that the Blennerhassett Island Bridge has major 
impacts to soil, vegetation, and wildlife in comparison to other islands, distances from the bridge, 
and over time. Of 258 comparisons, only 38 (14.7%) varied either in comparison to other islands 
(8, 21.1%), among different transect distances (28, 73.7%), or over time (2, 5.2%) and could be 
linked to the bridge. Of the 14.7% that showed variation, 47.4% was soil, 15.8% was vegetation, 
2.6% was waterbirds, 23.7% was songbirds, and 10.5% was small mammals. There was no 
evidence to show that the Blennerhassett Island Bridge had any effect on anurans or turtles and 
differences with furbearers were more likely explained by difficulty sampling. This indicates that 
the impacts caused by the bridge were minor in scale and were confined to the area directly 
under and near the bridge which was altered during construction between March 2005 and June 
2008. This disturbed area included about 3.36 ha on the island and 1.05 ha on the West Virginia 
mainland combining to about 4.41 ha total disturbed (the area under the bridge on the Ohio 
mainland was already disturbed due to the presence of a sand and gravel plant). At most, the 
disturbed area was about 103.0 m in width, reaching out to about 35.0 m on each side of the 
bridge, and running the entire length of the bridge over land. 
Some of these minor impacts under the bridge included: altered soil chemistry, altered 
amount and type of vegetation, attraction of exotic and non-native vegetation and songbirds, 
lower abundances and different composition of songbirds, lower abundance, richness, and 
diversity of small mammals, and changes and alteration in habitat. The presence of bridge piers 
on the island caused minimal habitat fragmentation and loss, but there was no indication that the 
bridge piers had direct negative effects to wildlife including mortality from bird strikes. There 
was no indication that the bridge is impacting the environmental condition or wildlife usage of 
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the slough on Blennerhassett Island as well. Each ecological parameter studied responded 
somewhat differently to the bridge. Below is a summary of each ecological parameter and its 
response to the Blennerhassett Island Bridge. 
Soil 
 Soil chemistry at Blennerhassett Island contained normal levels of natural soil properties. 
Only the area directly under the bridge had altered levels of certain elements. These impacts may 
be due to materials leaching from the bridge, disturbances during construction, and high levels of 
certain elements in the fertilizer used during reseeding of vegetation after construction. Similar 
results were shown at the Buckley Island Bridge site indicating that both highway bridges cause 
altered levels of many soil properties. Of the 19 variables measured, 6 had a significant 
interaction all caused by differences under bridges; 6 showed differences by distance all 
attributed to transects under bridges; and 2 differed by sites correlated to islands with bridges. 
 High levels of phosphorus, bray II phosphorus, and potassium could be due to the 
fertilizer used during the reseeding of vegetation under the bridge (Bennett et al. 2001). High 
levels of sodium, calcium, and manganese were most likely due to the leaching of deicing agents 
placed on the bridge for snow removal (Wilcox 1986). Additionally, high levels of soluble sulfur 
could be due to emissions from vehicles using the bridge (Mooney et al. 1988). Low levels of 
aluminum and copper could be due to the disturbance caused by construction techniques and 
compaction of the soil. Zinc levels were not altered under the Blennerhassett Island Bridge, but 
may be over time as similarly shown at the Buckley Island Bridge possibly due to materials 
leaching from the highway surface or from the structure of the bridge. Additionally, total 
exchange capacity, organic matter, and estimated nitrogen released all differed as well possibly 
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due to compaction of soil during construction which caused changes in physical properties of the 
soil (structure, stability, erodibility, porosity, permeability) (Johnston and Johnston 2004). 
There were no differences in pH, magnesium, boron, iron, nitrate, or ammonium between 
the islands or distances from the bridge indicating no impact to these parameters. Impacts to 
other soil parameters will most likely continue through the future as shown at the Buckley Island 
Bridge site. However, these impacts will most likely be limited to the area directly below the 
bridge and the areas that were disturbed during construction and not affect distant areas. 
Vegetation 
 Vegetation found at Blennerhassett Island was consistent with species commonly found 
on Ohio River islands (U.S. Fish and Wildlife Service 2002). Only the area directly under the 
bridge showed dissimilar vegetative communities. This vegetation was highly altered and 
disturbed, harboring species tolerant of disturbance, and similar to roadsides. This may have 
resulted from disturbance during construction, compacted soils, altered soil chemistry, lack of 
direct sunlight and rainfall, destruction of the seed bank, and poor site conditions (Mortensen et 
al. 2009). This vegetation was herbaceous, comprised mostly of plants from the seed mixture 
such as redtop (Agrotis alba), Japanese millet (Echinochloa crus-galli var frumentacea), Italian 
perennial rye grass (Lolium perenne), and Kentucky 31 fescue (Lolium arundinaceum), and did 
not adequately cover the entire area beneath the bridge. Additionally, woody plants and shrubs 
were lacking. 
 Several species of exotic and invasive species were found to be promoted by the presence 
of the bridge. These species may be dominant under the bridge due to the area being in a 
floodplain; however, poor site conditions, disturbance during construction, limited light and 
rainfall, and possible dispersal by vehicles have created an environment similar to roadsides 
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which frequently provide vectors for the spread of invasive species (Forman and Alexander 
1998, Rentch et al. 2005, Christen and Matlock 2006, Mortensen et al. 2009) and may have 
created an environment suitable for these species. These invasive species may be detrimental to 
the environment by outcompeting native vegetation for resources, decreasing species richness, 
and forming monocultures (Forman et al. 2003).  
The bridge was not shown to impact vegetative communities at other sampling distances. 
Similar results were found under the Buckley Island Bridge with highly altered vegetative 
communities and exotic species prevalent. It is likely the area under the Blennerhassett Island 
Bridge will remain in this condition as similarly shown at the much older Buckley Island Bridge 
site with low coverage and vegetation dominated by herbaceous, disturbance tolerant, and exotic 
species, but there is no evidence to suggest that these impacts will occur at further distances from 
the bridge. 
Waterbirds 
Little evidence was shown in this study to suggest the Blennerhassett Island Bridge is 
impacting waterbirds. Of the 5 species analyzed, only great blue heron (Ardea herodias) may be 
negatively impacted by the bridge crossing. Great blue heron abundances were 3.84 times higher 
at the control island than at Blennerhassett. Great blue herons are shy birds that prefer 
remoteness and lack of human disturbance (Short and Cooper 1985, Gibbs et al. 1987, Watts and 
Bradshaw 1994), and may be negatively impacted by the bridge due to highway noise, which can 
disrupt heron breeding and nesting patterns (Grubb 1977). There was no evidence that the 
Blennerhassett Island Bridge caused negative impacts to abundances of any other waterbird 
species including: Canada goose (Branta canadensis), mallard (Anas platyrhynchos), wood duck 
(Aix sponsa), and double-crested cormorant (Phalacrocorax auritus) which had abundances 
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similar to the other study islands. Waterbird abundances were most likely not impacted due to 
the bridge crossing only a small portion of the river, island, and slough. Personal observations 
suggest the slough on Blennerhassett Island supports a thriving waterbird population regardless 
of the presence of the bridge. 
 Waterbirds have been shown to have collisions with bridges creating barriers to 
movement and causing mortality and population declines (Bard et al. 2002). This study, 
however, showed no indication that the bridge is a barrier or cause of mortality. Waterbirds more 
often flew over the bridge as opposed to under the bridge (77.4% over, 22.6% under); however, 
waterbirds did not hesitate to fly under the bridge when flying low over the water. There were 
direct observations of many species including: belted kingfisher, Canada goose, double-crested 
cormorant, great blue heron, mallard, spotted sandpiper (Actitis mascularia), and wood duck 
flying under the bridge. The bridge did not seem to be a major barrier for waterbirds during 
flight, mostly due to its relatively low height (24 m above the surface). There were no 
observations or documentations of waterbirds colliding with the bridge during diurnal flight 
during this study.  
Songbirds 
Songbird data suggests that the Blennerhassett Island Bridge had minimal impact to 
songbird abundances and composition directly under the bridge only and no impact to species 
richness or diversity. Total songbird abundance was lower under the bridge compared to other 
distances and species composition under the bridge differed from other distances most likely due 
to alteration of habitat. This was due to destruction of natural habitat during the construction of 
the bridge. This disturbed area was depleted of trees, shrubs, and coarse woody debris, and 
caused a small change in songbird communities. Songbird species that require trees and shrubs 
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for nesting and foraging were impacted due to loss of habitat, while ground nesting songbirds 
and habitat generalists showed no effect.  
Species such as Carolina chickadee (Poecile carolinensis), Carolina wren (Thryothorus 
ludovicianus), and common yellowthroat (Geothlypis trichas) had a high affinity for distances 
away from the bridge indicating a negative impact. Other songbird species showed no negative 
response under the bridge and songbird composition consisted of species typically depicted as 
habitat generalists. Additionally, the bridge attracted species such as rock pigeon (Columba 
livia), European starling (Sturnus vulgaris), and cliff swallows (Petrochelidon pyrrhonota) (at 
Buckley), which are all known to nest on man-made structures (Peterson 2002, Tumlison 2009). 
House wren (Troglodytes aedon) had high abundances under the bridge due to the use of 
songbird boxes placed under the bridge after construction. 
 Bird species composition is closely related to habitat structure (Pearman 2002, Burris and 
Haney 2005). This study echoes this as songbird species detected were closely related to their 
habitat preferences. Songbirds not correlated with transects under the bridge were found in 
suitable habitat right up to the area disturbed during the construction of the bridge which 
indicates a strong relation between songbird and habitat. Additionally, there was no evidence to 
conclude that the bridge is causing a barrier for songbirds as there were no observations or 
documentations of songbirds colliding with the bridge during diurnal flight, and no 
documentations of songbirds found dead under the bridge. Island and mainland transects 
responded similarly (Appendix 25). 
Anurans 
 There was no indication from this study that the Blennerhassett Island Bridge had any 
effect on the 4 species of anurans compared. Anurans are commonly depicted as ecologically 
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sensitive to anthropogenic disturbance (Willson and Dorcas 2003, Price et al. 2007). However, 
anurans were not negatively impacted by the presence of the highway bridge over the island 
wetland complex. Anuran abundances, call index codes, richness, and diversity were no different 
between Blennerhassett Island and an island without a bridge and at the different distances at 
Blennerhassett Island. This indicates that the bridge has no negative effect on anurans. Anurans 
were found calling throughout the wetland complex on the island and also in the emergent 
wetland under the bridge on the West Virginia mainland.  
All anuran species encountered in this study had been previously documented on the 
Ohio River Islands National Wildlife Refuge (United States Fish and Wildlife Service 2002) and 
are common along the Ohio River (Green and Pauley 1987). The interior island wetland complex 
on Blennerhassett Island showed large availability of aquatic vegetation and coarse woody debris 
which provided habitat and calling sites for anurans (Green and Pauley 1987). Abundant trees on 
the island provided habitat for Cope’s gray tree frogs (Hyla chrysoscelis), while deeper water in 
the wetland complex benefited American bullfrogs (Lithobates catesbeiana) and northern green 
frogs (Lithobates clamitans melanota) which prefer deeper water (Green and Pauley 1987). 
Spring peepers (Pseudacris crucifer) were also provided with abundant habitat in the wetland 
complex with the semi-permanent water levels and the abundance of shrubby vegetation such as 
alders (Alnus sp.). The fear that the Blennerhassett Island Bridge has negative impacts to anurans 
in the interior island wetland complex was not shown in this study. 
Turtles 
 There was no indication from this study that the Blennerhassett Island Bridge had any 
effect on the 4 species of aquatic turtles found in the slough and around the island. This was 
expected as turtles are disturbance tolerant to urbanization and anthropogenic changes in the 
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landscape (Conner et al. 2005, Plummer et al. 2008). Turtle abundances and richness did not 
differ between other study islands or between distances from the bridge with high capture rates at 
each site and distance. Captures of common snapping turtle (Cheyldra serpentina) and eastern 
spiny softshell (Apalone spinifera spinifera), the Ohio River’s two most common turtles, were 
frequent at the Blennerhassett Island site in traps both under the bridge and at distances away 
from the bridge. Also, captures of northern map turtles (Graptemys geographica), a declining 
and protected species in West Virginia, was also common at Blennerhassett Island.  
High capture rates in the slough on Blennerhassett Island indicate that it supports high 
abundances of common snapping turtles and quality habitat for other species of turtles. Common 
snapping turtle captures were common throughout the slough including under the bridge. 
Captures of midland painted turtles (Chrysemys picta marginata) also were common throughout 
the slough including under the bridge. There was no indication that the bridge is negatively 
affecting turtle abundances in the slough or around Blennerhassett Island.   
Small Mammals 
 Small mammal abundances were highest at Blennerhassett compared to the other sites 
and increased over time compared to the pre-construction sampling periods. Only impacts to 
small mammals occurred directly under the bridge. Abundances of Peromyscus spp. (deer mouse 
(Peromyscus maniculatus) and white-footed mouse (Peromyscus leucopus) combined), 
combined small mammal abundances, species richness, and species diversity were significantly 
lower under the bridge compared to other distances. This is most likely due to habitat alteration 
and damage to the landscape from the construction of the bridge, the amount and type of 
vegetative coverage (Silva and Prince 2008), and the preferences of microhabitat by certain 
species (Castleberry et al. 2002, Dalmagro and Vieira 2005).  
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 These impacts are most likely temporary and abundance, richness, and diversity under the 
bridge will increase over time and become similar to other distances as shown at the older 
Buckley Island site. Small mammals in general, and specifically those found in this study, are 
tolerant to anthropogenic landscape disturbances (Elliot and Root 2006, Kaminski et al. 2007) 
and populations should increase as vegetatative coverage under the bridge increases (Silva and 
Prince 2008). This study found that capture rates, richness, and diversity increased throughout 
the study most likely due to increases in vegetative cover. Also, the only marked individual 
moving from transect to transect was a Peromysucs spp. that moved from a 100 m transect at 
Blennerhassett to a 0 m transect under the bridge possibly indicating that small mammals are 
coming back to the impacted area as it is reclaimed. Overall health and sex and age proportions 
of Peromyscus spp. were similar between other islands and distances and there were no 
indications that the Blennerhassett Island Bridge had any other impacts to other small mammal 
species. Island and mainland transects responded similarly (Appendix 25). 
Furbearers 
Little evidence was shown to suggest the Blennerhassett Island Bridge impacted 
furbearers. Of the 3 furbearers compared in this study, only raccoon (Procyon lotor) may have 
possibly been hindered by the Blennerhassett Island Bridge. Raccoon occurrence was 
significantly lower under the Blennerhassett Island Bridge only, but not at other sites or 
distances. Raccoons are disturbance tolerant and adaptive to urbanization and changes in 
landscape (Randa and Yunger 2006, Beasley et al. 2007), thus it is believed raccoons commonly 
frequent the area under the bridge, but may have avoided the scent stations, possibly spending 
more time around the edge of the wetland. Additionally, raccoon detections were not significant 
at the 0 m transects at Buckley Island indicating no impact from the Buckley Island Bridge upon 
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raccoon occurrences. There was no indication that red fox (Vulpes vulpes) or Virginia opossum 
(Didelphis virginiana) were impacted by the bridge. 
 Mortality surveys indicated that furbearers such as raccoons and Virginia opossums used 
the bridge for movement corridors. One raccoon was found dead on the Blennerhassett Island 
Bridge and 2 were found dead on the highway ≤ 200 m from the bridge along the highway. 
Additionally, 2 Virginia opossums were found dead on the Buckley Island Bridge and 1 raccoon 
was found dead along the highway ≤ 200 m from the bridge. This evidence indicates these 
furbearers are using the bridge for movement corridors which increases the likelihood of 
wildlife-vehicular mortality and could cause localized population declines in these species. 
However, detections of furbearer mortality were quite low and only averaged 0.07 (SE = 0.04) 
individuals/km/month and 0.10 (SE = 0.05) for the months the bridge was opened. 
Management Implications 
 All possible care should be taken during future bridge construction to minimize the 
impact to soil, vegetation, and wildlife. This starts by following best management practices 
(BMP) including temporary silt fencing and creation of water breaks to minimize erosion and 
runoff. All efforts should be taken to reduce the amount of area impacted during construction. 
Soil can be removed and stockpiled before construction and re-spread after construction 
minimizing impacts such as compaction and destruction of the seed bank. Vegetation should be 
impacted minimally and woody vegetation such as trees and shrubs should be left if possible. In 
instances where this is not possible, reseeding of disturbed areas should be done with native seed 
mixtures that include shade tolerant grasses such as Canada wild rye (Elymus canadensis), wild 
rye (Elymus riparis), and bearded shorthusk (Brachyletrum erectum). Native vegetation should 
sufficiently cover all areas impacted by the bridge and brush piles and coarse woody debris 
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should be scattered beneath the bridge to improve wildlife habitat, while stream banks should be 
stabilized by plantings of native trees. All possible care should be taken to restore the impacted 
land to previous conditions within limits of design for safety.  
 Drainage from the bridge should be designed so that it does not drain directly onto the 
ground or into a wetland. Rather, drainage should flow into a settling or treatment basin to 
minimize adding adverse chemicals to the soil or river. No permanent structures, including 
bridge piers, should be placed in a wetland or in areas of environmental importance to minimize 
destruction of habitat for wildlife. To protect against bird-vehicle strikes, fences can be installed 
along the sides of bridges to force birds to fly higher over the bridge and out of the way of 
motorists (Bard et al. 2002). Additionally, wildlife habitat can be created by placing nesting 
boxes for birds and bats and nesting platforms for large raptors under the bridge to compensate 
for habitat lost during construction. Bridges can also be constructed to provide slots and spaces 
for roosting bats and platforms can be placed on the bridge for peregrine falcon (Falco 
peregrinus) nesting sites. However, these improvements should be conducted away from traffic 
to prevent animal-human conflicts. 
Future Research 
 Continual monitoring of soil, vegetation, songbird communities, and small mammals is 
recommended at the Blennerhassett Island site and should continue on a yearly basis. This will 
enable researchers to track changes over a long-term period to determine if the adverse effects of 
the bridge continue through the near future. This also will indicate if the impacts detected in this 
study are short-term or long-term and will provide a more reasonable understanding of the 
ecological effects of this bridge crossing. 
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 Additionally, to gain a better understanding of impacts of bridges, another study should 
be initiated on the impacts of bridges on soil, vegetation, songbirds, and small mammals with 
special emphasis on soil parameters, vegetative type and coverage, songbird nesting success 
under bridges and the possible impact of noise on songbird nesting success, and small mammal 
abundance, richness, and diversity. This research project should study at least 30 bridges across 
the entire state of West Virginia. Data should be collected under bridges and at 1 distance about 
250 m away. Surveys in this study should be replicated over a 3 year period. This will provide an 
adequate sample size that is replicated over space and time with easy comparisons of data taken 
under bridges and away from bridges. In addition, transects perpendicular to the bridge can more 
effectively capture the area of impacts and give an better overall understanding of how far 
bridges impact the landscape. 
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Appendix 1: Location of 4 island study areas between kilometer markers 244.0 and 305.6 (mile 






Appendix 2: Cover type map of Blennerhassett Island, West Virginia, USA using the 2009 National Agriculture Imagery Program 
(NAIP) aerial, 1 m accuracy, orthophotos with the 2001 National Land Cover Database (NLCD) classifications for each cover type 





Appendix 3: Cover type map of Buckley Island, West Virginia, USA using the 2009 National Agriculture Imagery Program (NAIP) 
aerial, 1 m accuracy, orthophotos with the 2001 National Land Cover Database (NLCD) classifications for each cover type with PUB3 





Appendix 4: Cover type map of Muskingum Island, West Virginia, USA using the 2009 National Agriculture Imagery Program 
(NAIP) aerial, 1 m accuracy, orthophotos with the 2001 National Land Cover Database (NLCD) classifications for each cover type 





Appendix 5: Cover type map of Grape Island, West Virginia, USA using the 2009 National Agriculture Imagery Program (NAIP) 
aerial, 1 m accuracy, orthophotos with the 2001 National Land Cover Database (NLCD) classifications for each cover type with PUB3 





Appendix 6: List of all plant species sampled and their means (% cover for herbs and shrubs and basal area [m
2
/ha] for trees) and 
standard errors (SE) from Blennerhassett, Buckley, and Muskingum islands, West Virginia, USA during the July 2008 field season. 
 

















































































































Appendix 6 Continued 
         
























































































































Appendix 6 Continued 
         
























































































































Appendix 6 Continued 
         


















































Japanese Millet  
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Dichanthelium acuminatum (Sw.) Gould 
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Appendix 7: List of all non-native and exotic plant species to the Ohio River islands study area (Blennerhassett, Buckley, and 
Muskingum islands, West Virginia, USA) and their means (% cover for herbs and shrubs and basal area [m
2
/ha] for trees) and 
standard errors (SE) that were sampled during the July 2008 field season.  
 















































































































Appendix 7 Continued 
         



















Echinocchloa crus-galli var 






Japanese Stilt Grass 
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Appendix 8: Summary of simple effects analysis for six soil variables (ppm of soluble sulfur, phosphorus, bray II phosphorus, 
potassium, sodium, and zinc) that had a significant site by distance interaction for Blennerhassett, Buckley, and Muskingum islands, 
West Virginia, USA and at 0, 100, and 300 m from the bridge (bolded values indicate significant contrasts of simple effects at α = 
0.05) with the estimate, standard error (SE), degrees of freedom (df), t-value, and P-value (P). 
 
Soil Variable  Estimate SE df t value P 
Soluble Sulfur 
     
Blennerhassett 0 m vs. Blennerhassett 100 m 1.17 0.21 26.0 5.54 < 0.001 
Blennerhassett 0 m vs. Blennerhassett 300 m 1.04 0.22 26.0 4.80 < 0.001 
Blennerhassett 100 m vs. Blennerhassett 300 m -0.13 0.17 26.0 -0.78 0.445 
Buckley 0 m vs. Buckley 100 m 1.46 0.22 26.0 6.53 < 0.001 
Buckley 0 m vs. Buckley 300 m 1.23 0.23 26.0 5.26 < 0.001 
Buckley 100 m vs. Buckley 300 m -0.23 0.21 26.0 -1.12 0.273 
Muskingum 0 m vs. Muskingum 100 m 0.05 0.35 26.0 0.12 0.905 
Muskingum 0 m vs. Muskingum 300 m 0.12 0.35 26.0 0.34 0.740 
Muskingum 100 m vs. Muskingum 300 m 0.08 0.25 26.0 0.30 0.764 
Blennerhassett 0 m vs. Buckley 0 m -0.22 0.25 26.0 -0.87 0.391 
Blennerhassett 0 m vs. Muskingum 0 m 0.69 0.35 26.0 1.94 0.063 
Buckley 0 m vs. Muskingum 0 m 0.91 0.35 26.0 2.56 0.017 
Blennerhassett 100 m vs. Buckley 100 m 0.07 0.18 26.0 0.40 0.696 
Blennerhassett 100 m vs. Muskingum 100 m -0.44 0.2 26.0 -2.09 0.047 
Buckley 100 m vs. Muskingum 100 m -0.51 0.22 26.0 -2.29 0.031 
Blennerhassett 300 m vs. Buckley 300 m -0.03 0.20 26.0 -0.14 0.892 
Blennerhassett 300 m vs. Muskingum 300 m -0.23 0.22 26.0 -1.07 0.293 
Buckley 300 m vs. Muskingum 300 m -0.21 0.23 26.0 -0.88 0.388 
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Phosphorus 
     
Blennerhassett 0 m vs. Blennerhassett 100 m 1.82 0.26 26.0 6.94 < 0.001 
Blennerhassett 0 m vs. Blennerhassett 300 m 1.74 0.27 26.0 6.47 < 0.001 
Blennerhassett 100 m vs. Blennerhassett 300 m -0.08 0.21 26.0 -0.39 0.703 
Buckley 0 m vs. Buckley 100 m 0.46 0.28 26.0 1.66 0.109 
Buckley 0 m vs. Buckley 300 m 0.35 0.29 26.0 1.22 0.232 
Buckley 100 m vs. Buckley 300 m -0.10 0.25 26.0 -0.41 0.684 
Muskingum 0 m vs. Muskingum 100 m 0.75 0.44 26.0 1.70 0.101 
Muskingum 0 m vs. Muskingum 300 m 0.82 0.44 26.0 1.87 0.073 
Muskingum 100 m vs. Muskingum 300 m 0.07 0.31 26.0 0.23 0.819 
Blennerhassett 0 m vs. Buckley 0 m 1.35 0.31 26.0 4.36 < 0.001 
Blennerhassett 0 m vs. Muskingum 0 m 1.29 0.44 26.0 2.93 0.007 
Buckley 0 m vs. Muskingum 0 m -0.06 0.44 26.0 -0.15 0.884 
Blennerhassett 100 m vs. Buckley 100 m -0.01 0.22 26.0 -0.04 0.970 
Blennerhassett 100 m vs. Muskingum 100 m 0.21 0.26 26.0 0.82 0.422 
Buckley 100 m vs. Muskingum 100 m 0.22 0.28 26.0 0.80 0.430 
Blennerhassett 300 m vs. Buckley 300 m -0.03 0.24 26.0 -0.13 0.897 
Blennerhassett 300 m vs. Muskingum 300 m 0.37 0.27 26.0 1.37 0.184 
Buckley 300 m vs. Muskingum 300 m 0.40 0.29 26.0 1.37 0.181 
Bray II Phosphorus 
     
Blennerhassett 0 m vs. Blennerhassett 100 m 183.73 36.17 20.8 5.08 < 0.001 
Blennerhassett 0 m vs. Blennerhassett 300 m 177.33 37.27 13.0 4.76 < 0.001 
Blennerhassett 100 m vs. Blennerhassett 300 m -1.71 29.33 13.0 -0.06 0.954 
Buckley 0 m vs. Buckley 100 m 65.40 31.93 9.0 2.05 0.071 
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Buckley 0 m vs. Buckley 300 m 52.50 33.40 9.0 1.57 0.150 
Buckley 100 m vs. Buckley 300 m -12.90 29.33 9.0 -0.44 0.671 
Muskingum 0 m vs. Muskingum 100 m -6.33 5.75 4.0 -1.10 0.333 
Muskingum 0 m vs. Muskingum 300 m 1.67 5.75 4.0 0.29 0.787 
Muskingum 100 m vs. Muskingum 300 m 8.00 4.07 4.0 1.97 0.121 
Blennerhassett 0 m vs. Buckley 0 m 118.33 39.54 22.0 2.99 0.007 
Blennerhassett 0 m vs. Muskingum 0 m 195.33 30.84 13.7 6.33 < 0.001 
Buckley 0 m vs. Muskingum 0 m 77.00 25.73 9.7 2.99 0.014 
Blennerhassett 100 m vs. Buckley 100 m 4.69 27.92 21.4 0.17 0.868 
Blennerhassett 100 m vs. Muskingum 100 m 9.95 20.13 13.5 0.49 0.629 
Buckley 100 m vs. Muskingum 100 m 5.27 19.77 9.4 0.27 0.796 
Blennerhassett 300 m vs. Buckley 300 m -6.50 30.68 21.1 -0.21 0.834 
Blennerhassett 300 m vs. Muskingum 300 m 19.67 21.71 13.5 0.91 0.381 
Buckley 300 m vs. Muskingum 300 m 26.17 22.05 9.3 1.19 0.265 
Potassium 
     
Blennerhassett 0 m vs. Blennerhassett 100 m 0.81 0.22 26.0 3.66 0.001 
Blennerhassett 0 m vs. Blennerhassett 300 m 0.62 0.23 26.0 2.74 0.011 
Blennerhassett 100 m vs. Blennerhassett 300 m -0.19 0.18 26.0 -1.06 0.230 
Buckley 0 m vs. Buckley 100 m 0.25 0.23 26.0 1.09 0.285 
Buckley 0 m vs. Buckley 300 m 0.20 0.24 26.0 0.82 0.422 
Buckley 100 m vs. Buckley 300 m -0.09 0.19 26.0 -0.46 0.649 
Muskingum 0 m vs. Muskingum 100 m -0.60 0.37 26.0 -1.62 0.118 
Muskingum 0 m vs. Muskingum 300 m -0.61 0.37 26.0 -1.65 0.112 
Muskingum 100 m vs. Muskingum 300 m -0.01 0.26 26.0 -0.04 0.967 
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Blennerhassett 0 m vs. Buckley 0 m 0.45 0.26 26.0 1.73 0.095 
Blennerhassett 0 m vs. Muskingum 0 m 1.42 0.37 26.0 3.85 0.001 
Buckley 0 m vs. Muskingum 0 m 0.97 0.37 26.0 2.63 0.014 
Blennerhassett 100 m vs. Buckley 100 m -0.10 0.19 26.0 -0.53 0.601 
Blennerhassett 100 m vs. Muskingum 100 m 0.02 0.22 26.0 0.08 0.935 
Buckley 100 m vs. Muskingum 100 m 0.12 0.23 26.0 0.50 0.620 
Blennerhassett 300 m vs. Buckley 300 m 0.03 0.51 26.0 0.16 0.872 
Blennerhassett 300 m vs. Muskingum 300 m 0.20 0.23 26.0 0.87 0.395 
Buckley 300 m vs. Muskingum 300 m 0.17 0.24 26.0 0.66 0.513 
Sodium 
     
Blennerhassett 0 m vs. Blennerhassett 100 m 0.90 0.28 26.0 3.17 0.004 
Blennerhassett 0 m vs. Blennerhassett 300 m 0.95 0.29 26.0 3.27 0.003 
Blennerhassett 100 m vs. Blennerhassett 300 m 0.05 0.23 26.0 0.23 0.817 
Buckley 0 m vs. Buckley 100 m 3.64 0.30 26.0 12.13 < 0.001 
Buckley 0 m vs. Buckley 300 m 3.80 0.31 26.0 12.09 < 0.001 
Buckley 100 m vs. Buckley 300 m 0.15 0.28 26.0 0.56 0.580 
Muskingum 0 m vs. Muskingum 100 m -0.41 0.48 26.0 -0.86 0.399 
Muskingum 0 m vs. Muskingum 300 m -0.48 0.38 26.0 1.02 0.318 
Muskingum 100 m vs. Muskingum 300 m -0.08 0.34 26.0 -0.23 0.822 
Blennerhassett 0 m vs. Blennerhassett 0 m -2.85 0.34 26.0 -8.49 < 0.001 
Blennerhassett 0 m vs. Muskingum 0 m 1.22 0.48 26.0 2.58 0.016 
Buckley 0 m vs. Muskingum 0 m 4.08 0.48 26.0 8.58 < 0.001 
Blennerhassett 100 m vs. Buckley 100 m -0.10 0.24 26.0 -0.44 0.667 
Blennerhassett 100 m vs. Muskingum 100 m -0.08 0.29 26.0 -0.29 0.774 
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Buckley 100 m vs. Muskingum 100 m 0.02 0.30 26.0 0.07 0.941 
Blennerhassett 300 m vs. Buckley 300 m -0.01 0.27 26.0 -0.01 0.989 
Blennerhassett 300 m vs. Muskingum 300 m -0.21 0.29 26.0 -0.73 0.472 
Buckley 300 m vs. Muskingum 300 m -0.21 0.31 26.0 -0.66 0.512 
Zinc 
     
Blennerhassett 0 m vs. Blennerhassett 100 m -12.13 6.34 26.0 -1.91 0.067 
Blennerhassett 0 m vs. Blennerhassett 300 m -12.83 6.49 26.0 -1.98 0.059 
Blennerhassett 100 m vs. Blennerhassett 300 m -0.70 5.11 26.0 -0.14 0.892 
Buckley 0 m vs. Buckley 100 m 29.47 6.70 26.0 4.39 < 0.001 
Buckley 0 m vs. Buckley 300 m 25.07 7.01 26.0 3.58 < 0.001 
Buckley 100 m vs. Buckley 300 m -4.40 6.16 26.0 -0.71 0.482 
Muskingum 0 m vs. Muskingum 100 m -6.48 10.60 26.0 -0.61 0.547 
Muskingum 0 m vs. Muskingum 300 m -7.25 10.60 26.0 -0.68 0.500 
Muskingum 100 m vs. Muskingum 300 m -0.78 7.50 26.0 -0.10 0.918 
Blennerhassett 0 m vs. Buckley 0 m -42.54 7.50 26.0 -5.67 < 0.001 
Blennerhassett 0 m vs. Muskingum 0 m -6.72 10.60 26.0 -0.63 0.532 
Buckley 0 m vs. Muskingum 0 m 35.81 10.60 26.0 3.38 0.002 
Blennerhassett 100 m vs. Buckley 100 m -0.94 5.38 26.0 -0.18 0.862 
Blennerhassett 100 m vs. Muskingum 100 m -1.08 6.34 26.0 -0.17 0.867 
Buckley 100 m vs. Muskingum 100 m -0.13 6.70 26.0 -0.02 0.985 
Blennerhassett 300 m vs. Buckley 300 m -4.64 5.93 26.0 -0.78 0.441 
Blennerhassett 300 m vs. Muskingum 300 m -1.15 6.49 26.0 -0.18 0.861 
Buckley 300 m vs. Muskingum 300 m 3.49 7.01 26.0 0.50 0.623 
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Appendix 9: Cumulative list of waterbirds (individuals/39.25 ha plot) with their means and standard errors (SE) for Blennerhassett, 
Buckley, and Muskingum islands, West Virginia, USA for the 2007-2009 field seasons. 
 
Common Name  Scientific Name 














American Black Duck 
 






















































































































Great Blue Heron 
 


































































































































































Appendix 10: List of additional waterbirds and the number detected within the study area but not during survey hours for 




Scientific Name Blennerhassett Buckley Muskingum 
American White Pelican 
 
Pelecanus erythrorhynchos Gmelin 0 1 0 
American Wigeon 
 
Anas americana Gmelin 0 3 0 
Black-crowned Night Heron 
 
Nycticorax nycticorax Linnaeus 1 0 0 
Canvasback 
 
Aythya valisineria Wilson 0 1 0 
Common Goldeneye 
 
Bucephala ciangula Linnaeus 0 2 3 
Common Tern 
 
Sterna hirundo Linnaeus 1 0 0 
Glossy Ibis 
 
Plegadis falcinellus Linnaeus 0 1 0 
Great Egret 
 
Ardea alba Linnaeus 2 0 0 
Greater Yellowlegs 
 
Tringa melanoleuca Gmelin 0 1 0 
Green Heron 
 
Butorides virescens Linnaeus 4 0 0 
Herring Gull 
 
Larus argentatus Pontoppidan 1 4 6 
Red-breasted Merganser 
 
Mergus serrator Linnaeus 2 0 0 
Ring-necked Duck 
 
Aythya collaris Donovan 2 0 0 
Tundra Swan 
 
Cygnus columbianus Ord 1 0 0 




Appendix 11: Cumulative list of songbirds (individuals/ha) with their means and standard errors (SE) for Blennerhassett, Buckley, and 
Muskingum islands, West Virginia, USA for the 2008-2009 field seasons (46 species (bolded) for sites and 44 species (represented by 
asterisk) for distance occurred 3 or more times and were used in the PERMANOVA and multi response permutations procedures 
analyses). 
 












































































































Appendix 11 Continued 
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Appendix 12: Summary of simple effects analysis for four songbird variables (all songbirds, Carolina Chickadee, House Wren, and 
Rock Pigeon) that had a significant site by distance interaction for Blennerhassett, Buckley, and Muskingum islands, West Virginia, 
USA and at 0, 100, and 300 m from the bridge (bolded values indicate significant contrasts of simple effects at α = 0.05) with the 
estimate, standard error (SE), degrees of freedom (df), t-value, and P-value (P). 
 
Soil Variable  Estimate SE df t value P 
All Songbirds 
     
Blennerhassett 0 m vs. Blennerhassett 100 m -4.54 2.15 57.9 -2.11 0.039 
Blennerhassett 0 m vs. Blennerhassett 300 m -4.44 2.15 57.0 -2.06 0.045 
Blennerhassett 100 m vs. Blennerhassett 300 m 0.10 1.76 57.9 0.05 0.957 
Buckley 0 m vs. Buckley 100 m 5.00 2.17 53.7 2.31 0.025 
Buckley 0 m vs. Buckley 300 m 2.50 2.26 53.7 1.10 0.275 
Buckley 100 m vs. Buckley 300 m -2.50 1.99 53.7 -1.26 0.214 
Muskingum 0 m vs. Muskingum 100 m 3.32 3.51 53.7 0.95 0.348 
Muskingum 0 m vs. Muskingum 300 m 2.62 3.51 53.7 0.75 0.458 
Muskingum 100 m vs. Muskingum 300 m -.70 2.65 53.7 -0.26 0.793 
Blennerhassett 0 m vs. Buckley 0 m -9.02 2.45 55.8 -3.67 0.001 
Blennerhassett 0 m vs. Muskingum 0 m -9.27 3.45 54.7 -2.69 0.010 
Buckley 0 m vs. Muskingum 0 m -0.25 3.42 53.7 -0.07 0.942 
Blennerhassett 100 m vs. Buckley 100 m 0.52 1.82 55.7 0.29 0.775 
Blennerhassett 100 m vs. Muskingum 100 m -1.40 2.25 54.9 -0.62 0.535 
Buckley 100 m vs. Muskingum 100 m -1.93 2.29 53.7 -0.84 0.405 
Blennerhassett 300 m vs. Buckley 300 m -2.07 1.94 55.4 -1.07 0.289 
Blennerhassett 300 m vs. Muskingum 300 m -2.20 2.25 54.9 -0.98 0.333 
Buckley 300 m vs. Muskingum 300 m -0.13 2.39 53.7 -0.05 0.957 
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Carolina Chickadee 
     
Blennerhassett 0 m vs. Blennerhassett 100 m -0.36 0.29 59.6 -1.26 0.211 
Blennerhassett 0 m vs. Blennerhassett 300 m -0.23 0.29 59.6 -0.78 0.438 
Blennerhassett 100 m vs. Blennerhassett 300 m 0.14 0.24 59.6 0.59 0.556 
Buckley 0 m vs. Buckley 100 m 0.00 0.29 54.5 0.00 1.000 
Buckley 0 m vs. Buckley 300 m 0.13 0.30 54.5 0.42 0.678 
Buckley 100 m vs. Buckley 300 m 0.13 0.26 54.5 0.48 0.636 
Muskingum 0 m vs. Muskingum 100 m 1.74 0.46 54.5 3.75 < 0.001 
Muskingum 0 m vs. Muskingum 300 m 1.64 0.46 54.5 3.53 0.001 
Muskingum 100 m vs. Muskingum 300 m -0.10 0.35 54.5 -0.29 0.777 
Blennerhassett 0 m vs. Buckley 0 m -0.18 0.33 57.1 -0.54 0.590 
Blennerhassett 0 m vs. Muskingum 0 m -2.43 0.46 55.9 -5.31 < 0.001 
Buckley 0 m vs. Muskingum 0 m -2.25 0.45 54.5 -4.97 < 0.001 
Blennerhassett 100 m vs. Buckley 100 m 0.19 0.24 57.0 0.78 0.441 
Blennerhassett 100 m vs. Muskingum 100 m -0.32 0.30 56.0 -1.08 0.284 
Buckley 100 m vs. Muskingum 100 m -0.51 0.30 54.5 -1.68 0.098 
Blennerhassett 300 m vs. Buckley 300 m 0.17 0.26 56.7 0.67 0.504 
Blennerhassett 300 m vs. Muskingum 300 m -0.56 0.30 56.0 -1.88 0.065 
Buckley 300 m vs. Muskingum 300 m -0.74 0.32 54.5 -2.33 0.024 
House Wren 
     
Blennerhassett 0 m vs. Blennerhassett 100 m 0.72 0.38 55.0 1.89 0.064 
Blennerhassett 0 m vs. Blennerhassett 300 m 1.15 0.38 55.0 3.02 0.004 
Blennerhassett 100 m vs. Blennerhassett 300 m 0.43 0.31 55.0 1.39 0.172 
Buckley 0 m vs. Buckley 100 m -0.45 0.39 51.7 -1.16 0.250 
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Buckley 0 m vs. Buckley 300 m -0.38 0.41 51.7 -0.93 0.359 
Buckley 100 m vs. Buckley 300 m 0.08 0.36 51.7 0.21 0.834 
Muskingum 0 m vs. Muskingum 100 m 0.26 0.63 51.8 0.41 0.683 
Muskingum 0 m vs. Muskingum 300 m -0.34 0.63 51.8 -0.54 0.588 
Muskingum 100 m vs. Muskingum 300 m -0.60 0.47 51.9 -1.26 0.218 
Blennerhassett 0 m vs. Buckley 0 m 1.57 0.44 53.4 3.58 0.001 
Blennerhassett 0 m vs. Muskingum 0 m 1.32 0.62 52.6 2.14 0.037 
Buckley 0 m vs. Muskingum 0 m -0.25 0.61 51.7 -0.41 0.684 
Blennerhassett 100 m vs. Buckley 100 m 0.39 0.324 53.2 1.22 0.229 
Blennerhassett 100 m vs. Muskingum 100 m 0.85 0.402 52.8 2.12 0.039 
Buckley 100 m vs. Muskingum 100 m 0.46 0.41 51.9 1.11 0.271 
Blennerhassett 300 m vs. Buckley 300 m 0.04 0.34 53.1 0.11 0.915 
Blennerhassett 300 m vs. Muskingum 300 m -0.18 0.40 52.8 -0.45 0.655 
Buckley 300 m vs. Muskingum 300 m -0.22 0.43 51.9 -0.51 0.614 
Rock Pigeon 
     
Blennerhassett 0 m vs. Blennerhassett 100 m 1.44 0.37 59.0 3.86 < 0.001 
Blennerhassett 0 m vs. Blennerhassett 300 m 1.44 0.37 59.0 3.86 < 0.001 
Blennerhassett 100 m vs. Blennerhassett 300 m 0.00 0.30 59.0 0.00 1.000 
Buckley 0 m vs. Buckley 100 m 3.58 0.37 54.0 9.69 < 0.001 
Buckley 0 m vs. Buckley 300 m 3.58 0.39 54.0 9.27 < 0.001 
Buckley 100 m vs. Buckley 300 m 0.00 0.34 54.0 -0.00 1.000 
Muskingum 0 m vs. Muskingum 100 m 0.00 0.60 54.0 0.01 0.995 
Muskingum 0 m vs. Muskingum 300 m 0.00 0.60 54.0 0.01 0.995 
Muskingum 100 m vs. Muskingum 300 m 0.00 0.45 54.0 0.00 1.000 
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Blennerhassett 0 m vs. Buckley 0 m -2.15 0.42 56.6 -5.10 < 0.001 
Blennerhassett 0 m vs. Muskingum 0 m 1.43 0.59 55.3 2.43 0.018 
Buckley 0 m vs. Muskingum 0 m 3.58 0.58 54.0 6.13 < 0.001 
Blennerhassett 100 m vs. Buckley 100 m 0.00 0.31 56.4 -0.00 0.996 
Blennerhassett 100 m vs. Muskingum 100 m 0.00 0.39 55.4 0.01 0.996 
Buckley 100 m vs. Muskingum 100 m 0.00 0.39 54.0 0.01 0.993 
Blennerhassett 300 m vs. Buckley 300 m -0.00 0.33 56.1 -0.00 0.997 
Blennerhassett 300 m vs. Muskingum 300 m 0.00 0.39 55.4 0.01 0.996 
Buckley 300 m vs. Muskingum 300 m 0.00 0.41 54.0 0.01 0.993 
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Appendix 13: Summary of total turtle individuals (TI) and total captures (TC) for Blennerhassett, Buckley, Muskingum, and Grape 
islands, West Virginia, USA for the 2008 and 2009 field seasons. 
 











































































Appendix 14: Summary of total small mammal individuals (TI) and total captures (TC) for Blennerhassett, Buckley, and Muskingum 


















































































Northern short-tailed shrew 
 











































Southern flying squirrel 
 











































Appendix 15: Summary of simple effects analysis for three small mammal variables (Peromyscus spp., species richness, Shannon 
Diversity Index) that had a significant site by distance interaction for Blennerhassett, Buckley, and Muskingum islands, West Virginia, 
USA and at 0, 100, and 300 m from the bridge (bolded values indicate significant contrasts of simple effects at α = 0.05) with the 
estimate, standard error (SE), degrees of freedom (df), t-value, and P-value (P). 
 
Soil Variable  Estimate SE df t value P 
Peromyscus spp. 
     
Blennerhassett 0 m vs. Blennerhassett 100 m -6.11 1.67 50.4 -3.66 0.001 
Blennerhassett 0 m vs. Blennerhassett 300 m -5.50 1.67 50.4 -3.30 0.002 
Blennerhassett 100 m vs. Blennerhassett 300 m 0.61 1.36 50.4 0.45 0.657 
Buckley 0 m vs. Buckley 100 m 1.01 1.66 45.8 0.61 0.546 
Buckley 0 m vs. Buckley 300 m 0.98 1.74 45.8 0.56 0.577 
Buckley 100 m vs. Buckley 300 m -0.03 1.53 45.8 -0.02 0.983 
Muskingum 0 m vs. Muskingum 100 m 1.16 2.65 47.0 0.44 0.666 
Muskingum 0 m vs. Muskingum 300 m 0.96 2.65 46.0 0.36 0.719 
Muskingum 100 m vs. Muskingum 300 m -0.19 1.92 50.4 -0.10 0.921 
Blennerhassett 0 m vs. Buckley 0 m -1.10 1.89 48.1 -0.58 0.565 
Blennerhassett 0 m vs. Muskingum 0 m -3.45 2.65 47.0 -1.30 0.200 
Buckley 0 m vs. Muskingum 0 m -2.35 2.63 45.8 -0.89 0.376 
Blennerhassett 100 m vs. Buckley 100 m 6.02 1.40 47.9 4.30 < 0.001 
Blennerhassett 100 m vs. Muskingum 100 m 3.81 1.67 50.4 2.29 0.027 
Buckley 100 m vs. Muskingum 100 m -2.21 1.70 48.7 -1.30 0.199 
Blennerhassett 300 m vs. Buckley 300 m 5.38 1.49 47.7 3.61 0.001 
Blennerhassett 300 m vs. Muskingum 300 m 3.01 1.67 50.4 1.81 0.077 
Buckley 300 m vs. Muskingum 300 m -2.37 1.78 48.5 -1.34 0.188 
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Species Richness 
     
Blennerhassett 0 m vs. Blennerhassett 100 m -1.22 0.28 74.5 -4.33 < 0.001 
Blennerhassett 0 m vs. Blennerhassett 300 m -1.18 0.28 74.5 -4.18 < 0.001 
Blennerhassett 100 m vs. Blennerhassett 300 m 0.04 0.23 74.5 0.18 0.855 
Buckley 0 m vs. Buckley 100 m 0.41 0.27 66.0 1.52 0.134 
Buckley 0 m vs. Buckley 300 m 0.61 0.28 66.0 2.18 0.033 
Buckley 100 m vs. Buckley 300 m 0.20 0.25 66.0 0.82 0.413 
Muskingum 0 m vs. Muskingum 100 m -0.09 0.44 68.3 -0.23 0.819 
Muskingum 0 m vs. Muskingum 300 m -0.14 0.44 68.3 -0.32 0.750 
Muskingum 100 m vs. Muskingum 300 m -0.04 0.33 74.5 -0.12 0.904 
Blennerhassett 0 m vs. Buckley 0 m -0.84 0.31 70.5 -2.68 0.009 
Blennerhassett 0 m vs. Muskingum 0 m -0.57 0.44 68.3 -1.30 0.197 
Buckley 0 m vs. Muskingum 0 m 0.27 0.43 66.0 0.64 0.523 
Blennerhassett 100 m vs. Buckley 100 m 0.79 0.23 70.1 3.41 0.001 
Blennerhassett 100 m vs. Muskingum 100 m 0.55 0.28 74.5 1.97 0.053 
Buckley 100 m vs. Muskingum 100 m -0.24 0.28 71.5 -0.83 0.408 
Blennerhassett 300 m vs. Buckley 300 m 0.95 0.25 69.6 3.87 < 0.001 
Blennerhassett 300 m vs. Muskingum 300 m 0.47 0.28 74.5 1.68 0.098 
Buckley 300 m vs. Muskingum 300 m -0.48 0.30 71.1 -1.62 0.109 
Shannon Diversity Index 
     
Blennerhassett 0 m vs. Blennerhassett 100 m -0.33 0.11 72.4 -2.99 0.004 
Blennerhassett 0 m vs. Blennerhassett 300 m -0.37 0.11 72.4 -3.34 0.001 
Blennerhassett 100 m vs. Blennerhassett 300 m -0.04 0.09 72.4 -0.42 0.674 
Buckley 0 m vs. Buckley 100 m 0.17 0.11 0.64 1.61 0.113 
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Buckley 0 m vs. Buckley 300 m 0.23 0.11 64.0 2.08 0.042 
Buckley 100 m vs. Buckley 300 m 0.06 0.10 64.0 0.61 0.543 
Muskingum 0 m vs. Muskingum 100 m -0.02 0.17 66.2 -0.10 0.918 
Muskingum 0 m vs. Muskingum 300 m -0.05 0.17 66.2 -0.30 0.762 
Muskingum 100 m vs. Muskingum 300 m -0.03 0.13 72.4 -0.27 0.791 
Blennerhassett 0 m vs. Buckley 0 m -0.29 0.12 68.4 -2.32 0.023 
Blennerhassett 0 m vs. Muskingum 0 m -0.13 0.17 66.2 -0.75 0.455 
Buckley 0 m vs. Muskingum 0 m 0.16 0.17 64.0 0.95 0.348 
Blennerhassett 100 m vs. Buckley 100 m 0.22 0.09 68.0 2.37 0.021 
Blennerhassett 100 m vs. Muskingum 100 m 0.19 0.11 72.4 1.68 0.098 
Buckley 100 m vs. Muskingum 100 m -0.03 0.11 69.4 -0.27 0.790 
Blennerhassett 300 m vs. Buckley 300 m 0.31 0.10 67.5 3.25 0.002 
Blennerhassett 300 m vs. Muskingum 300 m 0.19 0.11 72.4 1.72 0.091 
Buckley 300 m vs. Muskingum 300 m -0.12 0.12 69.0 -1.06 0.292 
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Appendix 16: Summary of G-tests for Raccoon presence and absence for site and distance with G as the G-statistic, Williams as the 
William’s correction factor, Gadj as the adjusted G-statistic with the William’s correction factor, df as the degrees of freedom, and P as 
the P-value (α = 0.05) for Blennerhassett, Buckley, and Muskingum islands, West Virginia, USA for the 2008 and 2009 field seasons. 
 



























































































Appendix 17: Summary of G-tests for Red Fox presence and absence for site with G as the G-statistic, Williams as the William’s 
correction factor, Gadj as the adjusted G-statistic with the William’s correction factor, df as the degrees of freedom, and P as the P-



























































Appendix 18: List of all plant species sampled and their means (% cover for herbs and shrubs and importance values for trees) and 
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Appendix 19: Cumulative waterbirds and their means (individuals/39.25 ha plot) and standard errors (SE) observed during waterbird 
observations at Blennerhassett and Buckley islands, West Virginia, USA during Phases I (Pre: 1985-1987) and II (Post: 2007-2009). 








































































































































Appendix 20: Cumulative list of songbirds with their means (individuals/ha) and standard errors (SE) for Blennerhassett Island, West 
Virginia, USA during Phases I (1985-1987), II (1998-2000), and III (2007-2009). 
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Appendix 21: Cumulative list of songbirds with their means (individuals/ha) and standard errors (SE) for Buckley Island, West 
Virginia, USA during Phases I (1985-1987), II (1998-2000), and III (2007-2009). 
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Appendix 22: Summary of all songbirds along with species richness and Shannon Diversity Index used in the site by phase, distance 
by phase, and site, distance, phase interactions at α = 0.05 for Blennerhassett and Buckley islands, West Virginia, USA during Phases 
I, II, and III with F as the F-statistic and P as the P-value. 
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Appendix 23: Summary of small mammal individuals captured for Blennerhassett and Buckley islands, West Virginia, USA during 
Phases I (1985-1987), II (1998-2000), and III (2007-2009). 
 
Common Name Scientific Name 
Blennerhassett Island  Buckley Island 
Phase I  Phase II  Phase III  Phase I  Phase II  Phase III 
Deer mouse Peromyscus maniculatus Wagner 15  45  80  70  42  12 
White-footed mouse Peromyscus leucopus Rafinesque 25  0  60  69  0  5 
Meadow vole Microtus pennsylvanicus Ord 5  15  36  10  2  22 
Northern short-tailed shrew Blarina brevicauda Say 1  0  0  12  1  7 
House mouse Mus musculus Linnaeus 0  0  0  2  5  7 
Eastern chipmunk Tamias striatus Linnaeus 1  2  1  1  0  0 
Meadow Jumping mouse Zapus hudsonius Zimmermann 0  0  0  4  0  0 
Hairy-tailed mole Parascalops breweri Bachman 1  0  0  5  0  0 
Norway rat Rattus norvegicus Berkenhout 1  0  0  0  0  0 




Appendix 24: Summary of all small mammals along with species richness and Shannon Diversity Index used in the site by phase, 
distance by phase, and site, distance, phase interactions at α = 0.05 for Blennerhassett and Buckley islands, West Virginia, USA 
during Phases I, II, and III with F as the F-statistic and P as the P-value. 
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Appendix 25: Cumulative list of songbirds (individuals/ha) and small mammals (captures/100 trap nights) sampled at 0, 100, and 300 
m from the bridge at Blennerhassett Island, WV, USA during the 2008 and 2009 field seasons separated by island and mainland 
transects. 
 












         
Songbirds 
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West Virginia Mainland 
         
Songbirds 
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Total Small Mammals Combined 
 
1.74 0.64 
 
4.37 0.82 
 
3.70 0.40 
 
